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ABSTRACT 


Novel N-iminopyridinium ylides 112 were prepared by 
the reaction of N-(2,4-dinitrophenyl) pyridinium chlorides 
109 with alkyl (aryl) carbonyl, methane (benzene) sulfonyl 
and phenylethyl hydrazines 110. Sodium borohydride 
reduction of the N-iminopyridinium ylides 112 in 95% 
ethanol at 0° for 4 hr affords the medicinally important 
N-amino-1,2,5,6-tetrahydropyridine derivatives 113. 
Mechanisms for the formation of the pyridinium ylides 
112 and 1,2,5,6-tetrahydropyridine analogs 113 are 
discussed. It is believed that the formation of the 
1,2,5,6-tetrahydropyridines 113 proceeds vta the correspond- 
ing 1,2-dihydropyridine intermediates. However, attempts 
to stop the reduction at the N-amino-1,2-(1,4-)dihydro- 
pyridine stage using sodium borohydride in basic media 
or tetrabutylammonium borohydride in aprotic solvents 
were not successful suggesting that the dihydropyridines 
might be very unstable species. 

Mass spectral fragmentation patterns of both the 
N-iminopyridinium ylides 112 and their N-amino-1,2,5,6- 
tetrahydropyridine 113 reduction products which are very 
diagnostic are described in detail. 

Quaternization of N-(4-pyridylcarbonylamino)-1,2,5,6- 
tetrahydropyridine (1l1l3e) using methylchloroformate 
followed by sodium borohydride reduction in methanol at 
-65° afforded N-[4-(l-methoxycarbonyl-1,2-dihydropyridyl) - 


carbonylamino]-1,2,5,6-tetrahydropyridine (123a) whereas 
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reduction in 95% ethanol at 25° gave N-[4-(l-methoxy- 
carbonyl-1,2,5,6-tetrahydropyridyl) carbonylamino]-1,2,5,6- 
tetrahydropyridine (123b). On the other hand, quaterniza- 
tion of N-(4-pyridylcarbonylamino)-1,2,5,6-tetrahydro- 
pyridine (113e) using methyl iodide followed by sodium 
borohydride reduction in methanol at -65° gave rise to 

N- [4-(l-methyl-1,2,5,6-tetrahydropyridyl) carbonylamino]- 
L,2,5,6-tetrahydropyridine (123c) and N-[1-(1,2,5,6- 
tetrahydropyridyl) ] -C-methoxy-C- [4- (l-methyl-1,2,5,6- 
tetrahydropyridyl) Jazomethine (123d). 

n-Butyllithium catalysed reactions of alkyl (pyridyl- 
carbonyl) hydrazines and alkyl nicotinates were employed 
to prepare structurally related analogs of the alkyl- 
(pyridylcarbonyl)-N-amino-1,2,5,6-tetrahydropyridines. 

For example, reaction of N-aminopiperidine with 
n-butyllithium in dry tetrahydrofuran at -65° followed 

by addition of ethyl nicotinate gives N-(3-pyridylcarbonyl- 
amino)piperidine (13la). 

A one-step synthesis of the medicinally important 
derivatives of benzenesulfonamides in which the nt 
sulfonamide nitrogen is part of a 1,2-(1,4-)dihydropyridyl 
ring system was also developed. For example, reaction 
of pyridine with benzenesulfonyl chloride (benzene- 
sulfonic anhydride) in methanol (pyridine) in the presence 
of sodium borohydride affords an isomeric mixture of 


N- (benzenesulfonyl)-1,2-dihydropyridine (142b) and 
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N- (benzenesulfonyl)-1,4-dihydropyridine (141lb). The 
product(s) obtained from reduction of N-sulfonylpyridinium 
salts appears to be dependent upon solvent and temperature. 
Attack by hydride anion occurs predominantly or exclusively 
at the 2-position to give N-sulfonyl-1,2-dihydropyridines 
142 using methanol as solvent at -65° whereas attack at 

the 4-position is usually favoured slightly when pyridine 
is employed as solvent at 25°. 

A series of selected N-carbonylamino-1,2,5,6-tetra- 
hydropyridines 113 and the structurally related pyridyl- 
carbonyl hydrazine derivatives 131 were subjected to 
broad spectrum pharmacological screening. Significant 
analgesic, antiinflammatory, hyperglycemic and hypo- 


glycemic effects were exhibited. 
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J 0i..0,.0.:0.. INTRODUCTION 


A ylide is formally defined as an internal salt formed 
by abstraction of a proton from a carbon or nitrogen atom 
adjacent to a heteroatom bearing a positive charge.+ 
Phosphonium and sulfonium ylides have been studied more 
extensively than nitrogen ylides.” 

There is a marked difference in stability between 
nitrogen ylides and those of phosphorus and sulfur which 
have unoccupied d orbitals available for overlap. Nitrogen 
is a first row element having occupied 2s and 2p orbitals. 
The next available unoccupied orbital is the 3s orbital 
which is at a much higher energy level. In contrast, 
phosphorus and sulfur, which are second row elements with 
occupied 3s and 3p orbitals, have as their next avail- 
able unoccupied orbitals the 3d orbitals which are at 
only a slightly higher energy level and therefore more 
available for overlap for an anion adjacent to them. ? 
Consequently, the ammonium, pyridinium, gquinolinium and 
the isoquinolinium ylides are considerably less stable 
and more difficult to prepare. 


The N-iminopyridinium ylides 1 are isoelectronic 
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and isosteric with the N-oxides 2 and N-ylides 3. The 
N-iminopyridinium ylides (1) have received less attention 


than the N-oxides g3+4 516 


and N-ylides 3 which have been 
studied extensively and are the subject of several reviews. 

Several nomenclatures have been employed in the 
literature to designate the structure of N-iminopyridinium 
ylides. For example, structure 4 has been named 


N-acetylimino pyridinium ylide, pyridine-1-(N-)acetyl- 


(4) 


imide, N-acetyliminopyridinium betaine, N-acetylimino- 
pyridine, l-acetylaminopyridinium hydroxide inner salt 
and acetylpyridinium imine.’ The N-iminopyridinium ylide 


nomenclature will be used in this dissertation. 
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1.1.0.0.0. General synthesis of N-iminopyridinium ylides 


Poi Ole ee ereparatzon! from quaternary pyridinium salts 


This synthetic method involves base catalysed 
deprotonation of an N-aminopyridinium salt 5 to afford 


the ylide 1. The nature and concentration of the base 


a. a 
Sas ia Su 
a, 
a 
Ne x N = 
R R 


(>) (1) 
R= aryiveacyl, Ssultony i 
necessary for deprotonation is dependent upon the sub- 
stituent R. For example, 10% sodium hydroxide solution 
transforms N-acyl and N-sulfonylamino pyridinium salts 
to the corresponding ylides.’ 


N-aminopyridinium salts are accessible vta two 


different synthetic procedures. Reaction of pyridines 


6, R R 
Ege Ak 
= + H,NOSO.H piven Lae CI. 
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(6) NH 


(7) 
R = Hydrogen, alkyl, halogen, acetyl 


with hydroxylamine-O-sulfonic acid afford N-aminopyridium 
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salts 7 in good yields. The corresponding chloride 
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salts are obtained from the iodide salts 7 by anion 
exchange column chromatography. /'” 
Other N-aminopyridinium salts can be prepared from 


N-aminopyridinium chloride 8. For example, reaction of 


Ee | RCOC au 
4+ > 2 
a (RCO) 50 — a 
N = oni 
Ce ag NH 
NH, 
COR 
(8) (9) 
a RSO,C1 Ce 
en Pe < | 
NH 
NH. 
SO5R 
(8) (10) 


R = alkyl, phenyl 


N-aminopyridinium chloride (8) with an acid chloride or 
acid anhydride affords 9 and with sulfonyl chloride gives 
rise to Obes ack 
Alternatively, N=-(2,4-dinitrophenyl) pyridinium 
chlorides 11, commonly referred to as "Zincke Sue 
are excellent precursors for the synthesis of N-amino- 
pyridinivm salts. Reaction of Zincke salts 11 with 


hydrazines afford 5~(2,4-dinitroanilino) -2,4-pentadienal 


hydrazones 12. 
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* (12) 
R = alkyl, halogen, Hydrogen 
R' = acyl, sulphonyl, phenyl 
y; p 7 p we HCl 
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Subsequent ring cyclization of 12 together with elimina- 


tion of 2,4-dinitroaniline yield pyridinium salts eta oes 


1.1.2.0.0. Preparation from azides and pyridines 


The reaction of sulfonyl, acyl and cyanogen azides 


with pyridines using thermolysis conditions gives rise 


to N-iminopyridinium ylides 14 in_5-30% ee diceaa! ae 
aa aa 
A id! as 
a pe aes ee N N 
R-N Soper Pr ns ee ae Me 
Z i 
i 
R 


R = ArSO5~-, Ac-, CN- (14) 
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The initial reactions reported by Curtius and 


Aaya agg 
coworkers 


involved heating an aromatic sulfonyl 

azide in pyridine. Although the structures of the various 
N-iminopyridinium ylides prepared in this way were not 
clearly recognized at that time, sulfonyl nitrenes were 
formulated as reaction intermediates. The thermolysis 

and photolysis of azides in the presence of pyridines has 


now been developed into a general method of preparing 


N-iminopyridinium ylides.}° 


1.1.3.0.0. Preparation from isocyanates and pyridine-l- 


oxides 


Pyridine-l-oxides react with isocyanates to furnish 


N-iminopyridinium ylides 15 in moderate yielas.18 
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R-N-C=0O 


Jn 1.4.0.0..,Preparation from other N-iminopyridinium ylides 


The. imino. Groups,oL pyridinium ylides, 1s a;nucleo— 
philic reaction center which undergoes reaction with 
electrophiles to yield other pyridinium ylides such as 
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R = Ac-, ArsO, 


In this way, N-iminosulfonyl or N-iminocarbonyl- 
pyridinium ylides undergo nitration at the imino group 


in the presence of acetic acid - acetic anhydride solvent.*+ 


1.1.5.0.0. Preparation from diazepines by rearrangement 


Studies by Sasaki and coworkers?” and others? have 
shown that photolysis of N-acyliminopyridinium ylides is 


a practical route to 1,2-diazepines 17. 
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R = -Ph, -OEt 


On the other hand, selected diazepines like 17 
(R = -Ph, -OEt) undergo the reverse reaction at higher 
temperatures. ’ At room temperature the equilibrium 
between diazepine and diaziridine is exclusively on the 
side of the diazepine whereas at 170°C the equilibrium 


lies in the direction of the N-iminopyridinium ylide. 
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Thisereaction 1s -similarito that: described for the 
preparation of quaternary pyridinium salts under Section 
tet 4020,. In this case, cyclization of the’ intermediate 
12 is effected at reflux using a water-dioxane (1:4 v/v) 
Mixture rather than hydrochloric acid. 

N=(2,4-dinitropneny | jpyridinium, chlorides’ 1] react 


with alkyl, aryl and arylcarbonyl hydrazines to afford 


R R 
x |_N-NH-R 
Sap CT NH 


it 
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" NO 
NO, si 2 
NO 
NO. 2 
(11) (12) ++ 
water- 
dioxane 
Ge 4 7/7) 
= alkyl, halogen, Hydrogen NH, 
R 
RI = acyl gen NO. 
+4 
Sr 
. NO 
is 2 
R 
(18) 


the ring opened intermediate 12. Treatment of 12 with 
aewater—dioxane (1:4 v/v) mixtures at 100° results in 


the elimination of 2,4-dinitroaniline and the formation 


mee ee ; ut 
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S2.20:.'0:2:0 Physical properties of 


N-iminopyridinium ylides 
bees eeu. Os Solubility 


N-Iminopyridinium ylides are usually crystalline 
solids which are soluble in water. The resulting solu- 
tions are neutral (pH 6.9-7.2) and have low conductivity.1?"?+ 
Most N-iminopyridinium ylides are soluble in polar organic 
solvents such as methanol, ethanol, chloroform and 


methylene chloride but are sparingly soluble in ether, 


benzene and other non-polar organic solvents. 
Ve26d2.0.0. Infrared “spectra 


The group of N-iminopyridinium ylides which have 
received the greatest attention are the acyl and sulfonyl 
derivatives. The infrared spectra of the acylimino- 
pyridinium ylides show a strong absorption at the 1555- 
1600 om? region which is assigned to the stretching 
Loca 


frequency of the resonating carbonyl group (19-20). 


The carbonyl group in the corresponding pyridinium salts 
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R = alkyl, Aryl 
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Or 
which absorbs at about 1700 cm + is shifted to a lower 
wave number in the ylides indicating that the resonance 
form 20 makes a greater contribution in the ylide 
structure. In general, if Ris an electron donating 
group which would favour the resonance structure 20 the 
absorption is shifted to lower wave number (lower 
frequency) in agreement with the effect on the absorption 
Of ketones.?? 

The infrared spectrum of 1-benzenesulfonylimino- 

pyridinium ylide (21) shows two strong bands for the SO 


2 
group in the 1285 and 1130-1140 cm + regions whereas 


(21) 


the corresponding methanesulfonylimino ylide exhibits 
bands fat’ 1270 and 115 cman N-sulfonyliminopyridinium 
ylides absorb at lower frequencies than sulfonamides, 
whirch™ absorb rcharacrerrstically at 1300-1350 "and, ri40- 
1180 cmt, suggesting delocalization of the electron 
Darr Of the Jmino mitrogen on to the sulfonyl group 


(22-23).1> 
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R = alkyl, phenyl 
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The ultraviolet (uv) absorption of few N-imino- 


pyridinium ylides have been studied. The absorption 


TABLE 1 


uv Spectra of Some N-iminopyridinium ylides! 


compound Amax, nm(e) (CH0H) 

ek a ee 

\ pN-N-COOC 5H. 228 (6600) 31555655350) 
Ne 

\ ees 253 ey O30) 3175 (4350) 
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\ Vise abe hate 240 7 UL4, 000) SL, 2280) 


observed most frequently is a strong band near 230 nm 


which is strongly dependent on the solvent used. ">> 


Sttnough thexcrigin of this band as not certain it is 
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L2: 
thought to be a m>7m* transition of the unbonded electron 
pair on the imino nitrogen. The acyl and sulfonyl 
N-imino pyridinium ylides, in addition to the absorption 
15,24 


near 230 nm, also show a strong band in the 305-320 nm 


as shown in Table l. 
1.2.4.0.0. Nuclear magnetic resonance 


The canonical structures 24-27 for N-iminopyridinium 
ylides demonstrate the electron density distribution at 


various positions of the pyridine ring.’ Consequently, 
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(24) (25) (26) (27) 
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R aryl, eacy. sul pnony 


the nmr absorptions due to protons at the 2,4- and 6-posi- 
tions of the pyridinium ring will be at a lower field 

than protons at the’ 3—"‘or™5—positions. However, all 
chemical shifts may be influenced by substituents on the 
Lae poo 


pyridinium ring or on the imino nitrogen as shown 


an -Table 22: 
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TABLE 2 
Nmr Spectra of Some N-iminopyridinium ylides?’> 

R? 

an 

SG 2 
N R 
I 
ae 
Re 

vk 2 2, 

R R R als rey Pals 
-~COOEt H H 8.66 (6) 6 Oe 
~COOCH (CH) 5 H He oe ool cranny) sy moO 2. and:/,) 
—COPH H H Or Sy) ee Aa IP ANS 
~SO,CHo H H 8.60(7) O08 — 7a. > 
=COOET H Me 8.46 (7) 7.40 (6) 
COOKE t Me H Bisco (Eoens= 1) 38 
=-COOEE H Phe oe li wandw 5) ys .04 7 cand. 5) 
¢ Measured in CDCl 6 scale. 


37 


2 Coupling constants in hertz are given in parentheses. 


The isoelectronic character of N-iminopyridinium 
ylides with N-oxides is further demonstrated by the 
observation that the nmr spectrum of the parent N-imine 
in deuterium oxide is identical with the nmr of the 


pyridine-N-oxide. 11 
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ieee JeO.0. Mass Spectrometry 


The mass spectral fragmentation patterns of few 
acyl and sulfonyl N-iminopyridinium ylides have been 
reported.+77+014/ 

Examination of canonical structures 28 and 29 
indicates that an electron can be lost either from the 
imino nitrogen to give a molecular ion 30 or from oxygen 
tO1 give a molecular aon 31. Acyl pyridinium ylides 
usually exhibit a [M-1]* ion as well as intense molecular 
ion except when R is ethy1.“° In most cases, the intensity 
of the ayes ion exceeds that of the molecular ion. 

This fragmentation was accompanied by a large metastable 
peak in all spectra that exhibited [M-1]* ion. Deuterium 
labeling aiegace provided evidence that the hydrogen 
expelled originated from the a-position of the pyridinium 
ring most probably by a mechanism that involves cycliza- 
tion by an oxygen radical of the molecular ion 31. The 
resulting fragmentation is represented by the stable 
acuoMmatyCcuseEucture 32. 

The most important primary fragmentation process 
of N-acyliminopyridinium ylides is a-cleavage of the 
molecular ion bearing the charge on the pyridinium nitrogen. 
Loss of the R radical affords a peak at m/e 121 attributed 
to 33 which is sometimes supported by a metastable peak. 


The a-cleavage ion 33 fragments further by elimination 


of -N=C=O to furnish a pyridine ion (34) at m/e 79 which 
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(33) 


m/e 121 


* | -N=C=0 


-HCN 


m/e 51 
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is often supported by an appropriate metastable peak. 
Ion 34 could then expel hydrogen cyanide to give a peak 
at m/e 51, Loqnedes which is always observed in higher 
relative abundance. 7° 
The major fragmentations described previously 
were rationalized by assuming that charge localization 
occurred on the pyridinium nitrogen. On the other hand, 
charge retention on the acyl moiety must occur to some 
extent since less intense peaks appear at m/e 105 and 
m/e 77 when R is a phenyl group as established by an 
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accurate mass measurement. 
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Mass spectral studies of some N-sulfonylimino- 


pyridinium ylides have also been reported.*/ The frag- 


mentation pathways are more complex than those of 
N-acyliminopyridinium ylides. The major fragmentations 


: : + + 
observed result in ions at (cae (M-1) , (M-SO.) , 
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(M-HSO,)~ and pyridine ions as shown in structures (35-40). 
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D3 O0nGs Os Chemical properties of 


N-iminopyridinium ylides 
ieee. OO ebasici cy 


N-iminopyridinium ylides are bases and react with 


Organic and inorganic acids at room temperature to form 


N-aminopyridinium salts sinueice 
ie jee 
<< N a 
| a | X 
N- OH NE 
R R 
(i) (41) 


Res=walkyizeanyl, acyl, Ssultonyl, anylalkyl 


The pKa values of few N-iminopyridinium ylides have 


been determined as shown in Table 3. 


TABLE 3 


pKa values of some N-iminopyridinium ylides® 


R pKa value Ref 
" 
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CH,- 12-13 12 
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Determined in water. 
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The pyridinium hydrogens at the 2-, 4- and 6-positions 
of 1 are active hydrogens since they undergo exchange 
with deuterium using 0.2 N sodium deuteroxide within the 
time interval the nmr spectra could be measured.~~ How- 
ever, the N-iminopyridinium ylides are inert to strong 
alkali solutions. For example, 1l-p-acetamidobenzene- 


sulfonyliminopyridinium ylide (42) undergoes selective 
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hydrolysis to 1-p-aminobenzenesulfonyliminopyridinium 
ylide (43) when refluxed with 20% sodium hydroxide solu- 
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The imino group of the N-iminopyridinium ylides 


undergoes protonation, alkylation and acylation because 


of its basicity and nucleophilicity.’ 
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Two resonating forms, structures 19-20 can be 


drawn for N-acyliminopyridinium ylides indicating that 
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7 <_—_____> = 
| | 
N- N 
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R Soisee R 
(Gis) (20) 
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R = alkyl, aryl St 
i 
pees 
is 
R 
(44) 


hl 


either N-alkylation or O-alkylation is possible. 2 However, 


unlike the aliphatic N-imino derivatives the pyridinium 

N-imino ylides studied give predominantly the N-alkyla- 

tion product 44. Alkylations were conducted using methyl 

iodide, dimethyl sulfate, allyl bromide and ethyl bromo- 

ACetat er eee 
The structure assigned to 44 was based on the observa- 

tion that reaction with potassium cyanide gave 2-cyano 

and 4-cyano pyridines (45-46) along with the N-methyl 

amide 47. Acylation reactions with acid chlorides also 


afford N-substituted products.°* 


20. 


(6.f) ied 4 ov : . - 
46 ule 
re i 
t pen faye ‘ oe te let ey ot ‘4; igtined zo robes gta 


rertathivig or? dovtyriaes opbacet mt aeatt pave 
| oy -ghinasisipbiedy orete bolrat ahha 


a2 a - nine aac? tiie | Fe) conn se caanestA , 
rit ; he 7 me ist adel tvEfa we oe 
es. A ae a a hac 


7 am 
— raeita: ate a0 haa eae Tae viii erwin whi 
ee 4 
‘omega “S odttg te agg Co ae ad aokt pe cae 


eykdamis tlt “tate plated ot | ox Fe _ 


ont! sontavlay Seid dala amie Angle 
is ; a uf a st 


T? os Ti 
: 
ayes 
- 
wee 
cal 


ose 


tr 


ant 


ei) 
a Fs ; 


FS 


a 


sho i 
ae | 
2" oe 


- 


iw 


ii 
i oe 


; ols = ¥ 


CN H 
es ~ z 
a | By 
N N & + N 


N 
| | 
N-CH, ana GN-cH, Gn-cu, 
C=0 as C=0 co 
| 
R R R 
(44) 
CN 
R = alkyl, aryl 
y y Z Z 
rn 
\ = ghia 
Tramen [Aen anc R-C NCH. 
(45) (46) (47) 


N-acylimino and N-sulfonyliminopyridinium ylides 


undergo nitration using mild conditions at the imino 


nitrogen.?? 


io. O10.  REACE LON OL as ring Carbon as an velectrophile 


or nucleophile 


Although the reaction of elemental sulfur with N-imino 
pyridinium ylides has not been reported, it is known 
that sulfur reacts with Sa cabee sil, 2 loses eeoiltinn ylides 
48 to yield the substituted product 49. The success of 
the latter reaction has heen attributed to the acidity 


of the hydrogens adjacent to the quaternary nitrogen.’ 
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Hydroperoxides add to the 2- or 6-position of 
N-iminopyridinium ylides. The primary addition product 
50 undergoes ring opening followed by rearrangment and 


ring closure to yield the 1,6-dihydropyridazine deriva- 


tive 51,32 
Ph Ph ofOR 
Sat HOOH os ae wa Ph 
a ——— i 
PhS Ph Pho\., ~~ OOR Phos& ei 
l 
i ie 
Ph Ph 
(50) 
Ph 0 
oe C-Ph 
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Nitration of N-iminopyridinium ylides, excluding 
acyl and sulfonylimino ylides, provides the only example 


of a ring carbon which due to its nucleophilicity 
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is attacked by an electrophile. Benzeneiminopyridinium 
ylide (52) undergoes nitration to the trinitrophenyl 


derivative qaes 


NO, 
Pe i 
St St 
N HNO3/H.5SO, N 
> | 
N= N= 
NO. NO. 
NO, 
(52) (53) 


564020... 143-Dipolar,cycloaddition reactions 


N-iminopyridinium ylides can be envisaged as deriva- 


tives of the structural moeity, azomethine imine (54), 


which is a 1,3-dipole. A typical reaction of this class 
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N- N- 
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of scompounds is the 1, 3-dipolar cycloaddition reaction. 
1,3-Dipolarcycloaddition reactions employing N-imino- 
pyridinium ylides are often difficult since the reaction 
involyes,loss of the, aromaticity.o£ the pyridinium ring. 


However, in many reactions oxidation to another aromatic 
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product subsequent to the addition step exerts an essen- 
tial influence on the stability of the adduct as seen 


Lor -compound, 55: 
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alkyl 


In this way, 1,3-dipolar cycloaddition reactions 


of N-iminopyridinium ylides with dipolarophiles such as 


DUG ew 33,34 


HLCrTELes, acetylene dicarboxylic esters, 


35 36 


propiolonitriles and carbon disulfide have been 
successfully effected. 

Table 4 depicts the reaction of dimethylacetylene- 
dicarboxylate (DAC) with substituted N-alkylcarbonyl- 
iminopyridinium ylides. When the 2- and 6-positions of 


the pyridinium ring are unsubstituted pyrazolopyridines 


56-57 are obtained. On the other hand, when the initial 


adduct has methyl substituents at the 2- and/or 6-positions 


oxidation to the pyrazole derivative does not occur; 
rather the relatively unstable dihydropyrazole compounds 
58 and 60 rearrange to vinylpyridines 59 and 6l, 


respectivyelys-0%> | 17° 
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TABLE 4 


1,3-Dipolar Cycloaddition reactions 


of N-iminopyridinium ylides. 


Ylide (1,3-dipole) 


Dipolarophile Adduct Ref 


DAC 
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N-Alkoxycarbonyliminopyridinium ylides and N-benzoyl- 
iminopyridinium ylides 62 react with diphenylcyclo- 
propenone (DPP) >? or diphenylcyclopropenethione?? in 
benzene at room temperature or under reflux to yield 


1,3-oxazines 63 and 1,3-oxazinethiones, 64, respectively, 


in good yields. 
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R = -OMe, -OEt, —Ph. 


The mechanism ?9 of the reaction has been postulated 


to proceed vita nucleophilic attack by the ylide oxygen 
at the carbonyl carbon of DPP to yield the adduct 65 


which undegoes subsequent cyclization to 63. 
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ie3.5.0.0.. Photochemical reactions 


N-Iminopyridinium ylides are photochemically active 
compounds which upon irradiation may give products 
resulting from N-N bond cleavage, ring enlargement and 
rarely rearrangement reactions. It is difficult to 
choose conditions for selective photochemical reactions 
due to the lack of data available. However, .the solvent 
and nature of the substituent on the pyridinium ring 
play important roles.’ 

Irradiation of N-alkoxycarbonylimino and benzoyl- 
imino pyridinium ylides in methylene chloride, benzene 


or methanol give rise to l-substituted-1,2-diazepines 


fois pans jantngdoed . ' 
iran’ ad ete a | . 


rr 
; 4 


* ‘ iInebaeetpetinic. 632 anette mbna thay 

sw hetg evho Ter mead wheat eee oe 

7 bt | F Aan Ee Baek snxgernelts ad sy ant 
| ¢fuole 2D al 43- AOL IAmS sate ra 
‘aroltesos laminae: wy chee hae 172 voce 

” tae lag eee sos Pain lide eve ‘a. pare 
| ea ncaa aed etd eng ota : 

sie prs condi re a 
| “wpe sound ot rte 
i ce Leglibn8 St 


66 in good Vieldss* This reaction constitutes a 
a 
<< sae 
N h ~ 255 ‘ N 
i cnet es Se | fared: OM ky 
OR OR COR 
(66) 


R = phenyl, alkoxy 


convenient method of preparing 1,2-diazepines. Although 
no direct proof is available, the seven membered diazepine 
ring is believed to arise from an intermediate diaziridine 
which undergoes subsequent isomerization. N-Iminopyr- 
Yridinium ylides with a 2- or 3-substituent on the 


pyridinium ring undergo intramolecular 1,3-dipolar 


cyclization on the less hindered a-carbon to give compounds 


such as 67 and 63.2? 
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The most prominent side reaction which occurs dur- 
ing the photochemical synthesis of 1,2-diazepines from 
N-iminopyridinium ylides involves N-N bond cleavage 
resulting in the formation of pyridine and a nitrene 
species. N-Acetyliminopyridinium ylide (69) and iso- 
propylcarbonylimino pyridinium ylide (70) in methylene 
chloride give substantial amounts of pyridine and iso- 


cyanates as a result of N-N bond cleavage. / 
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On the other hand, irradiation of N-ethoxycarbonyl- 


imino-3,5-dimethylpyridinium ylide (71) in methylene 
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chloride gives an aminopyridine derivative 72 in addition 


to the expected 1,2-diazepine. / Compound 72 is believed 
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to arise photochemically via a diaziridine intermediate. 


P3020 10. TLhermolysis, reactions 


N-Iminopyridinium ylides are generally stable 
compounds but upon heating above their melting points 
undergo N-N bond cleavage and rearrangement reactions. 
The course of the reaction, as during photolysis, is 
dependent upon the substituents present on the pyridinium 
ring, the imino nitrogen and the nature of the eaivenes => 

N-Benzoyliminopyridinium ylide (73) upon heating 


at 190-200° gave pyridine and phenylisocyanate.?> 
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Rearrangement of N-imino-2-methylpyridinium ylides 
74 to 2-benzylpyridine 76 has been reported.> The dark 


blue ylides 74 were transformed into the colourless 


R 


The era | 
SUD ~~ 
N n~ CH, 
————— ue Lae sae 
(74) (75) (76) 


2-benzylpyridines 76 by warming to 40° in ethanol. It 
was observed that electron donating Ri-substitutents and 
electron withdrawing R*-substitutents, especially at the 
4- and 6-positions of the pyridinium ring accelerate the 
reaction. The initial step is believed to involve a 
prototropic shift from carbon to nitrogen, subsequent 
attack by methyl ylide 75 at the ortho position of the 
aniline ring and N-N bond cleavage would give rise to 76. 
It is of interest to note that N-acetylimino-p- 
nitrobenzyldimethylammonium ylide (77) undergoes a thermal 
rearrangement at 180° in a manner similar to the Steven's 


22,41 
rearrangement. 


* - 7 ' 
| rae! 


: ] A ao oa 50 ny ‘ 
: re a 
. bi gus St on ee 
a) } — fe Nee atte ae 
iw -4 Ie ee eee: ne 
Z * A , ‘v 4 2) 


vy 


‘i> Jtenetae ek FUR a at sa Se ; el 
er ee ‘bavssido ee 
Aa wp. Qeietuages a 

) oahat tone pekhe ase aad ie eabtateng-4 Biel Aas! 3 

o awictal og awarded! at ‘gota. tardiak- sit | Pvireatel 

$ freed glean ve sacha tee ar Horny juny’ ghiney Sedalia » 

) et Fo aes odszu any ae = pha ty ive a 
at of dabrge 40 twine 4 oeurusto- boot tn hae: pak & a 
| <qron gmt tyaioe “th aatte wane eb: agrern! bis} a 


sae ® eatin oa tere f 


ce. 


a 

j rn s a i 

4 i r) 

- Pan ay y 

ok or - ate 

: er on 

‘a 7 i sts 

7 7. he 

a nt Cae 


y.¢ 7 
_ 


bg 


: or TS 


ert Pe 


SiZis 


0 6) 
H.C < eens H3C Paar 
+ 
Pas Waele Ou ee 
H3C CH5-C;-H,-NO,-p H3C CH5-C,H,NO,-p 


1.4.0.0.0. Tetrahydropyridines 


Tetrahydropyridines, sometimes referred to as 
piperidienes, have recently been the subject of several 


chemical and pharmacological prudtess ot fC 


Although 
Many piperidines have been examined pharmacologically, 
relatively few tetrahydropyridines have been studied. 
Those which have received the greatest attention are 
derivatives of 1,2,5,6-tetrahydropyridine. Many 1,2,5,6- 
tetrahydropyridines exhibit potent hypotensive activities 


and some are analgesic agentse 


1.4.1.0.0. Methods of syntheses 


There was no efficient method of synthesis until 
early 1950 when it was discovered that reduction of 
N-methylpyridinium iodide derivatives with potassium 
Perr an ae produced mainly N-methyl-1,2,5,6-tetrahydro- 
pyridine derivatives.“* Several methods are now avail- 


able for the synthesis of 1,2,5,6-tetrahydropyridines. 
1.4.1.1.0. Preparation by sodium borohydride reduction 


Reduction of quaternary pyridinium salts with 
sodium borohydride in methanol is an efficient synthetic 
reaction for preparation of 12 )5%6-teelrahyaropyriainés. *” 
Pyridinium salts have electrophilic centers at the 2-, 
-4- and 6-positions. Of these the 2- and 6-positions 


should be the most positive due to their proximity to 
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the quaternary nitrogen. Thus it was demonstrated that 
attack by hydride ion, from sodium borohydride or other 
metal hydrides, occurs predominantly at these two 
positions. 

Extensive studies on the reduction of the pyridinium 
salts and amines indicate that lithium aluminium hydride 
is effective for amines and sodium borohydride for amine 
salts. The former reaction most often affords 1,2- or 
1,4-dihydropyridines whereas the latter reaction gives 
predominantly 1,2,5,6-tetrahydropyridines. *7 

Dihydropyridines 79 and 80, prepared by sodium 
borohydride reduction of a 1,3-disubstituted pyridinium 
salt 78, appear to be stable towards further reduction 
because a number of such compounds have been isolated 
from reactions containing sufficient borohydride to 
complete the reduction to the tetrahydro state. 7° Since 


1,4-dihydropyridines having 3-substituents which are 


i | rl 
| | 
oe C-Ph oe Ph LG C-Ph 
oe NaBH, 

New ee he Heo N + N 

hea 2a | | 
CH, CH, CH, 
(78) (79) (80) 


electron withdrawing have also been shown to be stable 
to borohydride reduction, the intermediate dihydropyri- 
dines in the formation of the 1,2,5,6-tetrahydropyridines 


are evidently dihydropyridines such as 79 and f0ens 
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1,2-Dihydropyridines possessing 3-substituents such as 
O 


Ht} 
-C-Ph and C=N are stable toward further reduction since 


the enamine system is stabilized due to extended conju- 


gation. 
7 t 
N 
| ———_—_————— | 
CH. CH, 
(80) 


The attack of an electrophile on the dienamine 
system of the 1,2-dihydropyridines 79 or 80 leads to 
the formation of an immonium species which on subsequent 
reduction furnishes the final 1,2,5,6-tetrahydropyridine 
product. The electrophile which attacks the dienamine 
system could be a proton from the solvent or borane 


42,47 


formed from the sodium borohydride. Anderson and 


Tyitecd reported that attack by the electrophile (proton- 

ation) on the 1,2-dihydropyridine intermediate occurred 

at the 5-position. It is interesting to note that many 

1,2-dihydropyridines have been reported to be stable 

in non-protic solvents such as diglyme and dimethylform- 

amide until a proton source is addea. 7° 
The following correlations can be generalized for 


the sodium borohydride reductions of pyridinium salts. 


a) Initial attack by hydride ion will occur 
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Treatment of cts-2-benzyl-l-ethyl-3-piperidinol (81) 


primarily at ‘the'’2- or 6-position in ‘the: absence 
of steric effects. 

The dienamine system thus formed will normally 
undergo attack by a proton from the solvent at 
the 5-position. 

Attack by borohydride ion or a proton are 
sensitive to steric interactions. If attack 
atwal substituted position does ‘occur it is at 

a greatly reduced rate. 

Electron withdrawing substituents at the 3- 
position tend to stabilize the 1,2-dihydropyri- 
dine intermediate. Similarly, reductions 
effected using a non-protic solvent or a strong 
base as solvent prevent protonation, allowing 


one to obtain stable 1,2-dihydropyridines. 


0 Preparation from piperidinols 


with thivonyi. chloride’ in ‘chloroform gqives=2-benzy1—1— 


ethnyl-—17 


(81) 


2,5,6-tetrahydropyridine (82) in good vietane: 
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GH.-Ph CHE-Ph 
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An alternative method for the preparation of 1,2,5,6- 


tetrahydropyridines from piperidinols involves treating 
the latter with acetic acid as shown in the preparation 


of 4-(m-—chlorophenyl)-l-methyl-1,2,5,6-tetrahydropyridine 


(93).°° 
Cl Cl 
OH 
AcOH > 
N NT 
CH, CH, 
(83) 


ia have reported similar 


Casy and his coworkers 
studies of the acid catalysed dehydration of 4-aryl-3- 
methyl-4-piperidinols 84 to the corresponding 1,2,5,6- 


tetrahydropyridines 85 and 86. 


ee 
OH —<—<$<$—$=—_ ——_ > + 
Me Gs Me a Me 
R R R 
(84) (85) (86) 
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P4-42.3.0,. 9 Preparation by aluminium hydride or lithium 


aluminium hydride reduction 


In the early 1960's Ferles and his associates“ 
reported that reaction of pyridine or methyl pyridines 
with two moles of aluminium hydride yielded 1,2,5,6- 
tetrahydropyridines, a reaction which has little practical 
application. Reduction of quaternary salts of. pyridine 
using aluminium hydride in boiling ether afford similar 
products. +4 

N-methyl-1,2,5,6-tetrahydropyridine (88) was 
obtained from l-methyl-2-pyridone (87) using lithium. 


aluminium hydride in tetrahydrofuran. *4 


.— SS 
~ LiAl1H 
pile set Rear 
THF 
CH, CH. 
(87) (88) 
1.4.1.4.0. Preparation by amine-ketone condensation 


Another synthetic approach employs the reaction of 
N-substituted-4-piperdones with pyrolidine which gives 
rise to 1,2,5,6-tetrahydropyridines 89 after loss of a 


molecule of Ware oo 
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eto. e0o ) Preparation by catalyvure hydrogenation 


A suitable method for the preparation of 1,4,5,6- 
tetrahydropyridines involves partial catalytic hydrogen- 


44,51 Ay number Of 


ation of guaternary pyridinium salts. 
l-alkyl-3-acyl (3-cyano) pyridinium salts 90 were 
hydrogenated to l-alkyl-3-acyl-1,4,5,6-tetrahydropyri- 


dines 91 in good yields using palladium on charcoal and 


hydrogen in the presence of triethylamine. 
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1.422702 0°8 (Pharmacological, activities iof i tetrahydro- 
pyridines 


A great number of 1,2,5,6-tetrahydropyridine deriv- 
atives exhibit pharmacological activity. Many of these 
are tetrahydropyridine counterparts of piperidines known 
to exhibit a pharmacological effect. Although 1,2,5,6- 
tetrahydropyridines have a broad spectrum of activities 
their hypotensive and analgesic effects are most prom- 
inent. Other activities include muscle relaxant, sedative, 
antiinflammatory, antipyretic, antitussive, choleretic, 


diuretic, mydriatic and anthelmintic effects, > "" 


1.4.2.1.0. Hypotensive agents 


Pempidine (1,2,2,6,6-pentamethyl piperidine) (92) 


is an efficient ganglionic blocking agent and is there- 


43 


fore used to reduce blood pressure. Many derivatives 


of 1,2,5,6-tetrahydropyridine 93 were evaluated as 


Xx 
a 
Me Me Me Me Me 
Me N Me Me N Me Me N Me 
Me R Me 
(92) (93) (94) 


xX =i, Me, Et, —C=CH, ~ (CH,) 2-N (Me) , 
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= H, Me, NHMe, NH. 


ganglionic blocking agents. These compounds exhibited 
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a wide range of activity, some of which were greater 


43 


than pempidine itself. L,2,2,6-Tetramethyl-1,2,3,4- 


tetrahydropyridine (94) is reported to be a short acting 
ganglionic blocking agents” 


Compounds structurally related to 4-phenyl-1,2,5,6- 


tetrahydropyridinoalkanoic acids 95 are useful in the 


O 
r 
Ph -_yrotig-ety-€-mtocs-P 
(95) 0 
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(96) 


treatment of hypertention and peripheral vascular 


43,53 


diseases. The chemically related acetylene deriva- 


tive 96, however, shows only analgesic activity. *3 
The hydroxamic acid derivative 97 has been studied 


extensively and was found to exhibit a potent hypotensive 


effect which is due to its a-adrenergic rather than 


6) 
I 
{iron ga-t--o8 
CH 


3 
(97) 


ganglionic blocking aeb tones oer 


N- (2-Guanidinoethyl)-1,2,5,6-tetrahydropyridines 98 


are described as long acting hypotensive agents and 


NH 


R \ ~CH,-CH -NH=C 
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exhibit relatively lower toxicity as compared to their 
piperidino counterparts.--'>> 
Arecaidine (99) and arecoline (100) are two of the 


pharmacologically important alkaloidal constituents of 


the dried ripe seeds of the palm tree Areca catecha that 


have been phereererized ce. tac Arecoline (100) is used 
COOH COOMe 
ia 8 Pee 
N 
| | 
Me Me 
(39) (100) 


extensively as an anthelmintic and cathartic in veterin- 
ary medicine because of the peristalsis which it induces. 

It is also reported to exhibit a weak hypotensive effect 
in cats, and is known to exert parasympathetic activities 
Similar to those of acetylcholine such as tremor, saliva- 
tion and inhibition of spontaneous activity. 7? 

The areca nut has been used for centuries as a 

constituent of betel which is chewed by the natives in 
East Africa. Betel has an exciting and intoxicating 

action which is habit forming. The component of betel 


responsible for its activity is arecaidine CEES 
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1-Buty1-4-phenyl-1,2,5,6-tetrahydropyridine (101) 


is reported to be a mild analgesic whereas the related 
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Ph Ph 
a = 
N N 
a CH, 
101 a 
oF “ane 
(102) 


2,2-diphenyl ethyl derivative 102 exhibits a strong 


43 


analgesic activity. Many derivatives of l-aroylalkyl- 


4-alkyl-1,2,5,6-tetrahydropyridines 103 are useful 
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analgesics, mydriatics, hypnotics and barbiturate 
potentiators. 72" 
A number of compounds which include amides, ketones 


and alcohols of the general structure 104 have been shown 
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to possess analgesic and cough suppressant activity.>/ 


Derivatives of hydrogenated pyridones 105 have been 


Re 
— COCH 
R 
ia 
R N O 
H 
(105) 


Re RI, R2 = H, lower alkyl, phenyl 


reported to possess analgesic and antipyretic activity.>° 


1.4.2.3.0. Miscellaneous activities 


Derivatives of 5-benzoyl-l-methyl-4-aryl-1,2,5,6- 


tetrahydropyridine 106 and their alcohol reduction 


H.C-N \ Ar ad > H,C-N \ Ar 
3 LiAlH, 3 
gs ea 
O OH 
(106) CLIOi7;) 


products 107 have been evaluated pharmacologically. The 
ketones were found to be useful antipyretics and anti- 


inflammatory agents whereas the alcohols possessed 


59,60 


diuretic properties. Compounds chemically related 


to 1-[2-(p-phenoxybenzoy1) ethyl1]—4-phenyl-1,2,5,6-tetra- 
hydropyridine (108) are claimed to be good muscle 
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Several 1,2,5,6-tetrahydropyridine derivatives with 


diversified chemical structures have been found to 


exhibit choleretic and sedative properties oi 
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25.0), O10 550). OBJECTS OF RESEARCH 


It is well documented that sodium borohydride reduction 
of quaternary pyridinium salts affords 1,2-(1,4-)dihydro- 
DY Vidine-.Or lj2,5,0-cetranvydropyraaine derivatives. 
It was of interest therefore, to prepare N-iminopyridinium 
ylides and to examine their use as precursors for the 
synthesis of novel N-amino-1,2-(1,4-)dihydropyridyl, 
1,2,5,6-tetrahydropyridyl and piperidyl derivatives. 
Although many piperidines have been evaluated pharmaco- 
logically relatively few dihydropyridines and tetrahydro- 


43,44 Those which have 


pyridines have been examined. 
received the greatest attention were derivatives of 

N-alkyl-1,2,5,6-tetrahydropyridines and were found to 
exhibit analgesic, hypotensive, antiinflammatory and 


many other activities. "27° 


However, the preparation 
and pharmacological evaluation of N-amino-1,2-(1,4-)- 
dihydropyridines or their 1,2,5,6-tetrahydropyridine 
analogs has not been reported. It was therefore of 
interest to examine the chemistry and pharmacology of 
this potentially new class of compounds in which the 
terminal nitrogen of the hydrazine moeity is part of a 
dihydropyridine, tetrahydropyridine or piperidine ring. 
The design, synthesis and pharmacological evaluation 

of a series of structurally related compounds would then 


allow development of an extensive structure-activity 


relationship (SAR) study. 
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There has been a considerable interest in recent 


years regarding the syntheses and properties of 1,2-(1,4-)- 


deh 


dihydropyridines. This interest stems mainly from 


the synthetic utility of these systems for the preparation 


Ths, 


of interesting heterocyclic compounds. Although 


the preparation and the antibacterial activity of 
N-sulfonylpiperidine derivatives have been studied, °+ 
the preparation of N-sulfonyl-1,2-dihydropyridines has 
not been reported. The synthesis of N-benzene (methane) 
sulfonyl-1,4-dihydropyridine from cyclopentadiene was 


oe Many of the benzenesulfonamides 


recently described. 
already prepared and tested as antibacterial agents 
possess five and six-membered heteroaromatic rings as 
Nooenhee toentens It would be of interest, therefore, 
to develop a one step synthesis of benzenesulfonamides 
in which the wt-sulfonamide nitrogen is part of a 


1,2-(1,4-)dihydropyridyl ring system. 
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62:07 05.070" DISCUSSION 


3y1.0.0507" "Preparation and*sodium borohydride reduction 


of N-iminopyridinium ylides 


Novel N-iminopyridinium ylides 112 were prepared 
by treatment of N-(2,4-dinitrophenyl) pyridinium chlorides 
ie PAvgd Sigal opal 


£09 Witheoary. (alkyl )itsuliwony ly pyr Ldyl «carbonyl, 


alkyl (phenyl) carbonyl] and arylalkyl hydrazines 110 


using the method 


R? a2 
1 
R Ri 
OO 
egg 
N+ + R-NH-NH, 
Cin x NH-NH-R 
sere N 
NOs | 
NO, 
NO 
Z NO. 
(HO9) (110) 
(Tals) 
Ro Ro 
RI RI 
i Be 
+ 
< ‘i 
NH N- 
2 R 
(ier3?) (TE?) 
reported by Tamura.-> The sodium borohydride reduction 


of ylides 112 now provides a convenient route to 
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TABLEZS 


The synthesis of N-iminopyridinium ylides 112 and their 


reduction to N-amino-1,2,5,6-tetrahydropyridines 113. 


R RL R? % yield % yield 
1 Bs iS 
a, Co H_-SO,- H H 8556 3879 
b; CH,S0,- H H 3.5 657.10 
(aly CeH.CO- H H 45 S525 
Guy CH,CO- H H 34.4 38.4 
e, 4-pyridylcarbonyl- H H S00 83.6 
fo py ridy lcarbony l= H H 46.2 80.0 
d,u2-pyridyilcarbonyi— H H Sara), Sree 
ley, C,H_CH.CH.,- H H 3523 4327 
a C 6H_CO- - (CH) ,-OH H Ore) 20 
3, 4-pyridylcarbonyl - (CH,) ,-OH H 48.3 74.9 
k, 4-pyridylcarbonyl H ~(CH,) ,-OH 44.8 GG./ 
&. 2-pyridylcarbonyl- 
Ode H H ZAm 2 823.0 


Reon On Oromia eatran aro ouni dines 113 as shown in Table 
5 62 

Astypiical (procedure involves «the: reaction ‘of N= (2,4- 
dinitrophenyl) pyridinium chloride (109e) with isonicotinic 
acid hydrazide (110e) in the presence of triethylamine 


at room temperature: for 12 hr to afford the 2,4-dinitro- 


anilino derivative 111 which on heating at reflux in 
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water-dioxane (1:4 v/v) for 12 hr gives rise to 

N- (4-pyridylcarbonylimino) pyridinium ylide (112e, 50.0%). 
Reduction of 112e using sodium borohydride in 95% ethanol 
at ice-bath temperature for 4 hr furnished N-(4-pyridyl- 
carbonylamino)-1,2,5,6-tetrahydropyridine (113e, 83.6%). 
The pyridinium ylides 112a,c,e-% and tetrahydropyridine 
derivatives 113a,c,e-% were prepared using similar 
procedures. N-methanesulfonyliminopyridinium ylide 
(112b) and N-acetyliminopyridinium ylide (112d) were 
prepared by a modified procedure employing the Schotten- 


Baumann Peace 2 


Thus reaction of N-amino pyridinium 
iodide’® with methanesulfonyl and acetyl chloride (or 


acetic anhydride) afforded 112b and 112d, respectively. 


ae oe 
Base 
St = eee ie SS 
N + R-Cl N 
NH. NG 
R 
Cisi2) 
LI2b; R= CH350.- 
LEZ Re CH3CO- 


The mechanism for the formation of N-(pyridylcarbonyl- 
jmino)pyridinium ylide (112e) is expected to be similar 


to that reported for the formation of the isoelectronic 
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N-oxides. Nucleophilic attack by the free electron 


OOP. 


a 


| ue ance. eee eno he eas or 
| Gee nie ae Ste 
akin fettebl +2 ang. ait ay Beit = pier 


FA 


ye : anaes i abe ater 


<p: gate ods sxtvateoe apse 


cs 


pat setmiatie eet ers ae ni Peart nore 
a i}: dbisaias Rhos bates Pees: 


} tee me 
P yievi Wowi2 wey at ti. vn rind sia se > 


a i 2 Bie 


a 
ms . a 
f : 
oe | ~ 4 “ 
“ 
4 
Ni 
. . ; 
vase 
i : 


he ay 


7 om i 4e6 
| es, 


-reccb pla $8, os tumaod ont 103 ws inate wah | 
think od oF ipenotnhi amas Mina 
viene Seelics orate’, 


aoe : 


aa 


1 ee ee | eed i, mies 


sete) 


‘1 ioe 7 A a ics aaeeeae Pe yi 


2 NH-NH-R 
NO., (Et) 3N 
—_—_—»> 
(110e) ‘0, 


NO 2 


S.4-pyridyicarbony 1 ‘ 


rn, hae 
a | 
. AY 


‘ . it * AGe a ; 
4 y . : q ae . ae ut Vs s os = , : 
A a i pele . he oe ‘a 4% 


. 


mary Gales). 


. , P 
, 
: if 
f < 
5 
ff j Las 
|i 
> 
p a iY 
- pa ¥ o~ 5 t “ 
‘ ile. he 


‘aw 8 
. ‘ r ene 


qos ie) «mena 


f} ' as Ou : 4 7 

»» || 
A (atiny’ 
= . 
on wre 

eo a 
i 
hy Fes 
et De Aprieamy 


j te 4 
ee Ree Tr 
; F..? 7 : ae ws agi “ ie i. aq ‘a o 
| . ‘ 4 ~ ae 
' ni 


v ba 


be 


; ; s ee) 
| hall i ee age Oy a | 
c a 0 
= ; 5 Ge | - : e ia ‘ry i es o 
7 wy i! J is ; a0 ; 
{ 
iG } : 
if : ‘ 
ace yi Ds 


ay es 


pair on the terminal nitrogen of the hydrazine 110e at 
the 2-position of the Zincke salt 109e would afford the 
dienamine 114 which can undergo immediate ring opening 
to the isolable 2,4-dinitro anilino derivative 11l. 
Hydrolysis of the aldimine moiety of 111 using water- 
dioxane (1:4 v/v) affords the aldehyde derivative 115 
ande2,74-dinitroanisgines YCyclization of 115, to. the? un- 
stable dienamine derivative 116 and elimination of a 
molecule of water would give rise to the stable N-imino- 
pyridinium ylide 1ll2e. 

The mechanism for the reduction of pyridinium ylide 


l12e has not been investigated but it is expected to be 


| =~ 
¥) 
7 et oS 
{ ee 
+ BH - 
NS 4 EtOH H . N 
2 NH 
| 
(112e) R 
(113e) 
R = 4-pyridylcarbonyl 
analogous to that reported for pyridinium salts. ** Attack 


by hydride anion at the 2-position of the pyridinium 
ylide 112e would yield the dienamine 117 which on protona- 
tion and subsequent reduction of the imminium species 


118) would rat ford the 1b, 2-75, ob-tetrahydropyrnidine lise. 
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Sa 
The structure assigned to N-(4-pyridylcarbonylimino) - 
pyridinium ylide (112e) is consistent with its ir, nmr 
and mass spectra. The ir spectrum shows the presence of 
a CO group (1570-1580 om yee The nmr spectrum in 
deuterium oxide exhibited a 4H multiplet at 6 8.83-8.33 


due to C.-H, Ce-H of the pyridinium ring and C.-H, C,;-H 


2 6 


Of see pyridine ring, a 5H multiplet at 6. 8.333-7.71 


assrGnedeto Co-Hpwc, —-i, C= ot therypyprdanium ring and 


3 a 5 
C3-H, Co-H of the pyridine ring. The mass spectrum of 

N- (4-pyridylcarbonylimino) pyridinium ylide (1ll2e) gave a 
molecular ion (17%) at m/e 199 (C,,HgN,0)*. The (M-1)” 
ion is observed at a slightly higher intensity than the 
molecular ion and is confirmed by the appearance of a 
corresponding metastable peak at m/e Hii aye The 
remainder of the mass spectrum can be explained as 
illustrated in Scheme I. a-Fragmentation of the molecular 
ion at m/e 199 affords a fragment ion at m/e 121 (C.H.N,0)* 
by loss of a pyridyl radical. The a-cleavage ion (m/e 
121) fragments further by elimination of N=C=0 to furnish 
a pyridine ion at m/e 79 (C.H,N) * which on expulsion of 
hydrogen cyanide would afford a peak at m/e 51 (C,H,)?. 
The loss of hydrogen cyanide is supported by the presence 
of a metastable peak at m/e 32.9. The major fragmenta- 
tions describedwere rationalized by assuming that charge 


Localization cccurred.on the pyridinium,nitrogen. On 


the other hand, charge retention on the acyl moeity gives 


ie at aes perky paren 

i eS 
, a Cost se. Baw, ' Sal mT ‘ 
i: cris meobpe 544 ‘one ee np a5 


aa vas dare Soar OT eee ; d ; 
} cs ats : ag iy ane: 
® ' 7 ne | a | 
pap KeSRi} @bify me Laasexggtoid ia A - 
- 


iP <e(Ool, - eQy | ae on tae hy seh 


eat. “gAaned ghd etait * sa borezoinda ak 


ee 3 


7 2, Le fer.” oi ol a | ek KoR a ‘han rot gations 


en oe .T0i an Se’ Sreg, otdvteesea ‘Pets ING 
| sit, vil ae 
4 mipiqzs ij eos ate ae@ Abe, eae. 


a 
Dom 4 3s coaecteapadter . at: evens, Gad: daar ad. 

. t hy 9¢f atm on des S0neegt = abate “eh oymra er 
i. f Laine oe 

Apa ei Srs Sas siemes Dyer 39 ant § 
» oat oihenb aN 1“ xwGs jad ‘hepa 


vad Pa "y oe | 


7 ‘eo lnae rey ead Ve, 640) hal aN dn api eathe 


Pho) Ss) IP ean SHS oS ut fit — 
mead sk +e tonc-ttiheger Gide shiany, soncabys) ? 
, haat set cd ot? Re ore He sane alas taatan 
aa had priceoan Xe edt knroksuh evteaoer im me 


al oper sariacheey a a fair 
anete.’ oh hipdile nod yoy aati ate tht ye 


SCHEME I 


Mass-spectral fragmentation pattern of N-(4-pyridylcarbonyl- 


imino) pyridinium ylide (112e) 
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m/e 28 (100%) m/e 78 (15%) m/e 958s) m/e 51 (233%) 


Pee 
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a less intense fragment ion at m/e 106 (C.H,NO)” which 
fragments further to the base peak at m/e 28 (CO)? by 


loss of the pyridyl radical and the pyridyl ion at m/e 


78 (C,H,N)" by eliminating coma. 


The structure of N-(4-pyridylcarbonylamino)-1,2,5,6- 
tetranyvdropyridine ‘(ll3e) was consistent.with its ir, 


nmr and mass spectra. The ir spectrum revealed the 


presence Of an -NH-— at 3240 ‘and a CO group at! 2650 cm >. 


The nmr spectrum in deuterochloroform exhibited a 1H 
Singlet at 6 8.93 due to the -NH- (disappears after the 
additron of deuteriim oxide), a 2H multiplet at: 6 8.66 


assigned to the Co-H, Ce-H of the pyridine ring, a 2H 


multiplet. at 60 #267 due to. the C.-H»# C--H of the pyridine 


6 5 


PING, caesHimMi capletwat. 0 5.62 abun buted tortheyC.—H;, 


3 


C,~H of the tetrahydropyridine ring, a 2H multiplet at 


6 3.65-3.22 due to the C.-H of the tetrahydropyridine 
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Giang; wa 2ietrip ler (J, oa 5. Og He Py at w0s.07 -aSsSigned, £O 
LA 


the Co~H of the tetrahydropyridine ring and a 2H multi- 


DLCtwat qo -2.40=2.0 due co the, C_-H of the: tetrahydro- 


5 


pyridine ring. The mass spectrum exhibited a molecular 


+ 
1121330) -- The major fragmentation 


ions are shown in Scheme II. If the charge is localized 


70n at-m/e 203. (C 


on the tetrahydropyridyl ring of the molecular ion 
m/e 203, a fragment ion with high relative abundance 
appears at m/e 97 (CpHgN,)” by loss of 4-pyridylcarbonyl 


radical. Che von at.m/e 83 (CcHgN) = also arises probably 


SOs 


SCHEME ITI 


Mass-spectral fragmentation pattern of N- (4-pyridylcarbonyl- 


amino)-1,2,5,6-tetrahydropyridine (1ll3e) 
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from N-N bond cleavage accompanied by hydrogen transfer 


from the N-amino group to the tetrahydropyridine nitrogen. 


The species that is expelled could be envisaged as 


| 

as 
N 
C29) (120) 


structure 119 or eye 


The m/e 83 ion can easily 
lose a hydrogen atom from the 2- or 6-position to afford 
a fragment ion at m/e 82 [GoHEN) We Alternatively, ion 
m/e 82 could also arise directly from the molecular ion 
by loss of a 4-pyridylcarbonylamino radical followed by 
Simultaneous hydrogen transfer from the 2- or 6-position 


64 The ion 


to nitrogen in the tetrahydropyridine ring. 
at m/e 82 could then lose a molecule of hydrogen to give 
a fragment at m/e 80 (C.H,N)™ or expel a hydrogen atom 
to give the most abundant ion m/e 81 (C,HIN)*. The 
pyridine ion at m/e 79 (C.H.N)* which eliminates hydrogen 
cyanide to furnish ion m/e 51 Corea can arise either 
from the fragment at m/e 80,.by loss of a hydrogen atom 
or from m/e 81 by loss of a hydrogen molecule. If the 
iiibialechargenis. localazed at the scar bony lor, pyridyl 


moeities of the molecular ion (m/e 203) a-fragmentation 


furnishes fragment ions at m/e 106 (C,H,NO)* and m/e 78 
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(CoH N}rt The 4-pyridylcarbonyl ion at m/e 106 further 
fragments to give an ion at m/e 28 (CO)* by loss of a 
pyridyl radical or gives rise to a pyridyl ion at m/e 78 
(C.H,N)” by expelling CoO. 
Phenylethylamino-1,2,5,6-tetrahydropyridine (113h) 
was found to undergo oxidation readily during purifica- 
tion and on storage to a compound which exhibits spectral 


data consistent with structure 121. The high resolution 
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CH, CH, 
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mass spectrum exhibited a molecular ion at m/e 200.1316 


+. 
iztieNe)* Mass Calcd. for C3 3H, Np: ZOOS Ta ti The 


nmr spectrum in deuterochloroform showed a 5H multiplet 


(Cc 


ato 7.25 duewto the phenyl hydrogens, a LTH triplet 
(J = CH-CH. = 6 Hz) at 6 6.82 due to -N=CH-, a 2H multiplet 


AC 0N>. Gov aLUrl buted stoOlC-—H, Ce—H-a 2H, doublets (di = 


5 4 


CH-CH = 96, HZ), sat oO go5 53 aue ito -CHo-, a 2H multiplet 
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at 6 3.38 assigned to C5-H, a 20 CriIplet (J, ie 5A HZ ) 
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attributed to C.-H. No change on meee er of deuterium 
oxide was observed. 

N- (2-Pyridylcarbonylimino-1l-oxide) pyridinium ylide 
(1122) was prepared by treatment of picolinic acid 


hydrazide-l-oxide (122) with N-(2,4-dinitrophenyl) pyridinium 


chloride (109%). The hydrazide 122 was obtained from the 


ae cm eg 
=) SS St . N+ 
i a + eeMC=NHSNHS. ae 4 
NO, eg ne 
C=O 
Eo aN eX6 
NO, <a 
(1092) (22) (1122) 


reaction of hydrazine hydrate and methylpicolinate-l- 


oxidant’ The structure was consistent with its ir, nmr 


and mass spectra. The ir spectrum showed the presence 


+ . =A oe —} 
Ol tnesyN=-0" (1250 cm ~) and COM> 900;.cm? =) -groups. The 


nmr spectrum in deuterated dimethyl sulfoxide exhibited 
a 1H singlet at 6 12.12 due to the -NH- (disappears 
after the addition of deuterium oxide), a 2H multiplet 


ateroso 1) —on La easctoned tol Hee Cl=H, am2iimultaplet at 


5 6 


On. 60-543) CUEGslLORC-—HN,eCe—-H and a@e2h singlet at 6.5.0 


3 5 
attributed to the ~NH, (disappears after the addition of 
deuterium oxide). The high resolution mass spectrum 


displayed an intense molecular ion at m/e 153.0535 
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Aromatic N-oxides can be readily recognized by mass 
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spectrometry since they form abundant fragments arising 
from the loss of an oxygen aroma The molecular ion 
at m/e 153 loses an oxygen atom to give (M-16)~ ion at 


+ 
meu 37 (C6HIN,0)°. 


3.1.1-050. Quaternization and sodium borohydride reduction 
of N-(4-pyridylcarbonylamino)-1,2,5,6-tetra- 


hydropyridine (113e) 


To readily reduce the pyridyl ring of N-(4-pyridyl- 


carbonylamino)-1,2,5,6-tetrahydropyridine (l11l3e) it was 
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necessary to convert 113e to a pyridinium salt derivative. 
This was achieved by first reacting 113e with methyl- 
iodide or methylchloroformate for 30 minutes at -65° 
followed by the addition of sodium borohydride and allow- 
68 


inguehe reactionsuo proceed: for an additional.-3 hr. 


Reaction of methylchloroformate with 113e in methanol at 
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TABLE 6 


Sodium borohydride reduction of N-(4-pyridylcarbonylamino) - 


1,2,5,6-tetrahydropyridine (113e) quaternary salts 
R Solvent Reaction temp.°C % Yield 123 


C=O methanol -65 7005 


C=0 ethanol 953 0 ey. 


| 
C=O methanol -65 PTAA! 


II 
C-OCH, methanol -65 tiey/ ak 


‘ ee rn + uy 
. / 
eh ha 


| 
a 
y 
ary. 
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ey 
af 
th 


eam nonin oe 


re rae 
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62; 
-65° under the specified conditions afforded N-[4-(1l- 
methoxycarbonyl-1, 2-dihydropyridy!l)-carbonylamino]-1,2,5,6- 
tetrahydropyridine (123a, 70.5%) whereas reaction in 
ethanol 95% at ice-bath temperature gave N-[4-(l-methoxy- 
Carbonyl—-172, 5, o-tetrahydropyridy |) carbonylamino)]—1,2,5,6- 
TECEANVALOPYradine™ (128b7" 52272) % 
Treatment of 113e with methyl iodide followed by 
sodium borohydride reduction in methanol at -65° furnished 
N- [4- (1l-methy1l-1,2,5,6-tetrahydropyridyl) carbonylamino]- 
icy opO-tetranyaxsopyridine (123¢e7, 23.7%)" and N-[1l- (1,2,5,6- 
tetrahydropyridy1) ] -C-methoxy-C- [4- (l-methy1-1,2,5,6- 
tetrahydropyridyl) ]Jazomethine (123d, 17.1%). The isola- 
CLOn Of both W23cevand!/ 1230 indicates" that reaction’ of 
113e with excess methyl iodide must involve methylation 
at both the pyridine nitrogen and the carbonyl oxygen. 
The structures of 123 were assigned on the basis 
of their ir, nmr and inass spectra. For example, the ir 
spectrum of N-[4-(l-methoxycarbonyl-1,2-dihydropyridyl) - 
carbonylamino]-1,2,5,6-tetrahydropyridine (123a) revealed 
the presence of -NH- (3200 on COM(L 71087 1670 em 
1) 66 
3 


form exhibited avin singlet ated’ 7 s18%duerto the -NH- 


) and 


-CH, (1390 cm The nmr spectrum in deuterochloro- 


(disappears after the addition of deuterium oxide), a 


1H doublet (J =e 17) ato 6-64easstoned tom the! C--H 


Diy 6 
Of the dihydropyridine ring, a’ LH octet (J, ia Sys Ar 
’ 


J = 5"°HZ) J w= 24HzZ) Yat? 6V 6.20. due tothe Co-H 


uae ee 3 


e ; 


Pah Noe ic Moet + 
~ éh ae pnt . sna 


| ree tad 
£ Le Dh iP ue + iy "1s 
fi a vr ie id " ; 


On ener dinyaropyridine cing, javZhHamultiplet: at 6 6.0-5.61 


attributed to the C.,-H, C,-H of the tetrahydropyridine 


S| 4 
Ping; lal “quartet “(0 = OeHZ eer sd) HZ) at. Oo 645 
5.0 SHS) 
due to the C.-H OD Ene twOUnVaLOpyTaaine: Ling, a’ '2H doublet 
(J, ae 5VHZ) ato 4.51 assigned to the C.-H of the 
a 


gaihydropyridine cing, a 3H singlet at) 6 3.80 attributed 


tol the +CH anchimusatiplet«at © 3258=-3.32. due, to the 


Bie 
C5-H of the tetrahydropyridine ring, a 2H triplet (J. Be: 


6 Hz) at 6 3.08 due to the C,-H of the tetrahydropyridine 


6 
ring and a 2H multiplet at 6 2.52-2.08 assigned to the 
C.-H of the tetrahydropyridine ring. The mass spectrum 
exhibited a molecular ion at m/e 263 (C) SHAG NOR JI: The 
major fragmentation species are summarized in Scheme III. 
The mass of all fragment ions were confirmed by high 
resolution mass measurements. If the charge is local- 
ized on the tetrahydropyridine ring of the molecular ion 
at m/e 263, a fragment ion at m/e 97 (C.HgN,)” appears 


after elimination of a 1l-methoxycarbonyl-1,2-dihydro- 


pyridyl-4-carbonyl radical. Alternatively, if the 


initial charge is localized at the l-methoxycarbonyl-1,2,- 


dihydropyridyl-4-carbonyl moeity of the molecular ion 
at m/e 263, a-fragmentation affords two fragment ions at 


m/e 125 (C.H N Oya and m/e 166 (CoH NO3)" by loss of 


Ones 8 
1l-methoxy-1,2-dihydropyridyl radical and N-amino-1,2,5,6- 
tetrahydropyridyl radical, respectively. The ion at 


m/e 166 can expel CO to give rise to the stabilized ion 


63. 


SCHEME III 


Mass spectral fragmentation pattern of N-[4-(l-methoxy- 
carbonyl-1,2-dihydropyridyl) carbonylamino]-1,2,5,6-tetra- 


hydropyridine (123a) 


C=0 C=O C=O 
SS = 
OCH, OCH, OCH, 
N 
| l m/e 166 m/e 138 
ae res (58) (238) 
OCH, OCH, 
m/e 79 
(123a) mt m/e ai (53 . 
= —— 
+ N+ 
N N and/or Sy 
il | H 
NH NH 
m/e 97 Beat a 83 a 82) (L003) 
(71%) (93%) { 
m/e 125 
(33) Sas aS = 
ei | Tre Sates 
4 N and/or N 
H 


m/e 80 (433%) 
+ 


>t 
es) atoll dl 


m/e 79 (13%) m/e 5) (143) 
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+ 
at m/e 138 (CjHgNO.) 


carbonyl radical to furnish a pyridine ion at m/e 79 


which may itself lose a methoxy- 


(C.H.N) +. The ion at m/e 83 (C.HgN)* probably arises 
from N-N bond cleavage of the molecular ion at m/e 263 
accompanied by hydrogen transfer from the N-amino group 


26,64 The 


to the tetrahydropyridine ring nitrogen. 

fragmentation patterns of the ions at m/e 82 (CeaeNy 
+ + + 

m/e 81 (CHIN) *, m/e 80 (Co HEN) , m/e 79 (Co H_N) ° and 

m/e 51 (e,He)* are described in Scheme II. 


The structure of 123d was consistent with its ir, 


(1230) 


nmr and mass spectra. The ir spectrum showed the presence 


of CH.) (1390 em7+) and -N=C (1655 ae eye The nmr 


spectrum in deuterochloroform exhibited a 1H multiplet 


at 6 6.55 due to the C.,-H of the N-methyltetrahydropyridine, 


3 
a mhemultiplet ato O.2-5.0 assigned to; the C3-H, C,-H oe 


the N-iminotetrahydropyridine, a 2H multiplet at 6 4.5-4.1 


due to the C.-H of the N-iminotetrahydropyridine, a 2H 
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N-methyltetrahydropyridine, a 3H singlet at 6 3.52 due 


Eo the —OCH, a 2H triplet (J = OME, Jin Aces Olea neuLilae CIS 


he 576 
to the C,-H of the N-iminotetrahydropyridine, a 6H 


multiplet at 6. 2./8-2.28 attributed to ‘the C.-H of the 


N-iminotetrahydropyridine, C.-H, C,-H of the N-methyl- 


5 6 
tetrahydropyridine, a 3H singlet at 6 2.39 due to the 
-N-CH.. The high resolution mass spectrum exhibited a 


molecular ion at m/e 235.1685 (C N,0)*.; Mass Calcd. 


3 ton 
£Or C1 3H51N30: 23541684. 

Catalytic hydrogenation of N-[4-(l-methoxycarbonyl- 
tT 2s etranvaropyrTidy lL) carbonylaminoi 127, 5,6-tetra- 
hydropyridine (123b) and N-[4-(l-methyl-1,2,5,6-tetra- 
hydropyridyl) carbonylamino]-1,2,5,6-tetrahydropyridine 
(123¢c).inpemethanol forsl2 hreat forded, N-(1l-methoxycarbony1-— 


piperidyl-4-carbonylamino) piperidine (124, 82.8%) and 


NH We 
ns 
| 
C=O Pd/C C=O 
bt 
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| | 

R R 
123b, 124 R= -~COOCH 
P23Cq tee OF R je>CHu 


quite 4), Ty. 
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ee 
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N- (l-methylpiperidyl-4-carbonylamino) piperidine (125, 
97.6%), respectively. The ir, nmr, and mass spectra of 


124 and 125 were consistent with the assigned structures. 


3.1.2.0.0. Attempted reduction of N-(4-pyridylcarbonyl- 
imino)pyridinium ylide (112e) to the 1,2-(1,4-)- 


dihydropyridine derivatives 


Several attempts to reduce N-(4-pyridylcarbonylimino) - 
pyridinium ylide (112e) to the desired 1,2-(1,4-)dihydro- 
pyridine analogs in various solvent systems were not 
successful. Similarly, reduction with tetrabutylammonium 


S10 pe) Oe : 
in non-protic solvents was also unsuccess- 


borohydride 
ful. In those reactions where reduction did occur 1,2,5,6- 


tetrahydropyridine derivatives were isolated. 


301.2610. Reduction of "N=(4—pyriadyicarbony limino)— 


PYVrldrnaiumsy Lider()T2e) using vsodium borohydride 


The sodium borohydride reduction of N-(4-pyridyl- 
carbonylimino) pyridinium ylide (112e) employing the two 
phase solvent systems reported by Kutney and his coworkers°?? 
at ice-bath temperature for three hours failed to give 
the expected 1,2-(1,4-)dihydropyridine derivatives 126 
and/or 127 since the starting material 112e was recovered. 
The use of a two phase solvent system such as 10 ml of 


distilled water, 10 ml of methanol, 20 ml of 5% sodium 


hydroxide solution and 20 ml of ether was conceived 
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N 

| 

Ne eas — NH and/or NH 

C=O C=O b=0 
a | ae we 
Ne ~~ ~~ 

N N ‘ 
(112e) (226) C227) 


to provide an organic solvent for the soluble 1,2-(1,4-)- 
dihydropyridines as soon as they are formed leaving 
behind the unreacted water soluble ylide 112e in the 
aqueous phase. The sodium hydroxide solution was used 

to prevent the protonation of the dihydropyridine system. 
The different solvent systems examined and the results 
obtained are summarized in Table 7. The starting material 
was recovered in all reactions except 1,2,5,6-tetra- 
hydropyridine derivative 1l3e (20%) was obtained when 

80 ml of 95% ethanol with 20 ml of 40% sodium borohydride 


solution) was used as the solvent. 
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3.1.2.2.0. Reduction of N-(4-pyridylcarbonylimino) - 
pyridinium ylide (1l2e) using tetrabutyl- 


ammonium borohydride (128) 


Tetrabutylammonium borohydride (128) has been 


reported as a versatile reducing agent in aprotic solvents 


such as benzene, hexane and ether where the use of 
sodium borohydride is limited because of its low solu- 
pingey Tetrabutylammonium borohydride (128) has 
been used as a mild and selective reagent for the reduc- 
tion of aldehydes, ketones, alkylhalides and acyl- 


TAU ATR 


halides. It is prepared by the reaction of 


sodium borohydride and tetrabutylammonium chloride. /+ 
Reduction of N-(4-pyridylcarbonylimino) pyridinium ylide 
(ll2e) using tetrabutylammonium borohydride (128) in 
aprotic solvents for 4 hr at room temperature was 
investigated with the expectation of preparing N-amino- 


1,2-(1,4-)dihydropyridine derivatives 126 and 127. For 


example, reaction under these conditions using dry 


- he im 


N N 
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C=0 C=0 C=0 
cae Ze | om 
SN SS ea 
N 
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pyridine as solvent afforded N-(4-pyridylcarbonylamino) - 
1,2,5,6-tetrahydropyridine (l11l3e, 2%) and the unreacted 
ylide 1l2e (80%). The formation of the tetrahydropyri- 
dine 113e could be due to the presence of small amounts 
of moisture which would act as a proton source. When 
dry pyridine or dry tetrahydrofuran containing one 
equivalent of water was employed as solvent, the same 
results were obtained. Similarly, use of dry tetrahydro- 
furan or dry dimethylformamide as solvent resulted in 
high recovery (85%) of the starting material and traces 
of the tetrahydropyridine 113e whereas reaction in dry 
methylene chloride led to the recovery of only the 
starting material. 

On the other hand, the use of ethanol 95% as a 
reaction solvent resulted in complete reduction of 11l2e 
to N- (4-pyridylcarbonylamino)-1,2,5,6-tetrahydropyridine 
(il3e,8 682). Since themtormation of i),2,5,6-tetrahydro- 
pyridines proceed vta the intermediate formation of the 
corresponding 1, 2-dihydropyridines, *“ these findings 
suggest that the 1,2-dihydropyridine intermediate 126 
could be a very unstable species which either reverts 
back to the ylide or undergoes protonation and reduction 


to the 1,2,5,6-tetrahydropyridine analog. 
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3.2.0.0.0. Reduction of alkyl (aryl) hydrazine derivatives 


with alkyl nicotinates and acyl chlorides 
SE TG 


The reaction of hydrazines with alkyl esters was 
investigated as a method of synthesizing a series of 
compounds structurally related to the N-amino-1,2,5,6- 
tetrahydropyridines 113. No reaction occurred when 
N-aminopiperidine (129a) and ethyl nicotinate (130) were 
refluxed for 12 hr in methylene chloride or absolute 
ethanol. However, when the nucleophilicity of 129a was 
increased by base catalysed proton abstraction "6°" 
from the N-amino group to generate the nitrogen anion, 
the reaction proceeded readily at room temperature. 


Thus treatment of 129a with n-butyllithium in tetrahydro- 


furan at -65°C under an atmosphere of nitrogen followed 
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ee ee 
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d, R = dimethylamino- | 
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by addition of dry ethylnicotinate (130) afforded 
N- (3-pyridylcarbonylamino) piperidine (l3la, 40.3%). The 
structurally related compounds 131b-13ld were synthesized 
employing similar procedures. 

The structures of 131 were consistent with their 
ir, nmr and mass spectra. For example, the ir spectrum 
of N-(3-pyridylcarbonylamino)piperidine (13la) revealed 
the presence of -NH- (3200 cm +) and co (1660-1640 cm‘). 
The nmr spectrum in deuterated dimethylsulfoxide showed 
a 1H singlet at 6 9.53 due to the -NH- (disappears 


after the addition of deuterium oxide), a 1H doublet 


(J, rena 2 Hz) at 6 8.93 assigned to the C.-H of the 

29 

pyridine ring, a 1H quartet (J = Zier = 2 Hz) 

5,6 4,6 
at 6 8.68 due to the Co-H GOfeiheypymardine ring, .ay LH 
quartet (J = 8 Ha; J = 22 iva cO sO 6k spacer pubed 
a5 4,6 

to the C,-H of the pyridine ring, aglH quartet (J, SAF 
LA 

Bez. y Je Cae 59HzZ) ati 0 We48 “due togthe C.-H of the 

tA 


pyridine ring, a 4H multiplet at 6 3.06-2.68 assigned 
to the Co~H, C.-H of the piperidine ring, a 6H multiplet 


at 6 1.85-1.18 due to the C2-H, C,-H, C.-H of the 


piperidine ring. The mass spectrum exhibited a molecular 
ion at m/e 205 (ere NAO) The other major fragment 
ions are shown in Scheme IV. If the initial charge is 
localized on the piperidyl nitrogen of the molecular ion 


at m/e 205 a-fragmentation would give an abundant 


fragment ion at m/e 99 (coe by loss of a 3-pyridyl- 


carbonyl radical. A less intense peak would appear at 


13% 


Re feel Chee F 
ut Ry ae ib as pany 
oP oon Rear aN ir : 
3 ape it an ; La , 4 -_ e, a i en 
; if ; rn . ¢ no ia / 
‘ : > 4 fs i | pet C 
ye " { ii 
% ty 4 
j ‘Y 
a “ 
a ‘ n 
a ie 42 ‘A a, 
7 ” " ae 
: 4 Pi ~ a a Diep “i 
x " 
‘ 
. ; 4] 
i 
une bl 
: 7 
| 
eycny 4 
2 
er 5 r . 
h rf e, fek 
4 ie i 6 
‘ 
y 
¢ , A Ah 
vik 4 ae 1G (hi 
; ; 
. Y 1 iy ; i 
D ee a 
1 a4 ; . aT r 
; ie ne die : ‘pian in 
, » i i y st i ¥ "7 ‘ 
: 7 te i 
; ot ee i el) 
: 4 an 
y | 
i 
4 


a oy 
vi TD 


SCHEME IV 


Mass spectral fragmentation pattern of N-(3-pyridylcarbonyl- 


amino)piperidine (13la) me 
+ 
erate eerkéee 
ae NH 
| 
C=O C= 
aa ) a i 
—o = 
(131la) Mt m/e 205 (3%) m/e 78 (153) 


a a 


N N 
NH NH NH 
l (ou 
m/e 99 (100%) a ae 
Zee mae: L2% (as1$) 
=~ I 


(M-1)* m/e 204 (18) 
yeaa Y V4 
adie crak ody anes (C.HgN) * 
+74 te 
N N 
H 
m/e 84 (133) m/e 83 (52%) m/e 82 (5%) 


~CH,=CH. 4 


+ 
[CH,-CH,-CH=N] <————> | 
Da pre, ' 


m/e 55 (44%) 


74. 


m/e 106 (C.H,NO) * if the initial charge is localized at 
the 3-pyridylcarbonyl moeity of the molecular ion m/e 

205 which could expel CO to afford another fragment ion 
at m/e 78 (C.H,NO)”. The ion at m/e 78 can also arise 
directly from the molecular ion at m/e 205 by expelling 

a N-carbonylaminopiperidyl radical. The (M-1) + ion at 

m/e 204 (Geman NE Gyn which appears at a very low intensity 


can give rise to an ion at m/e 84 (C,H N)* as a result 


10 
of N-N bond cleavage accompanied by hydrogen transfer 
from the N-amino group to the piperidine nitrogen. 2°: °4 
It is also conceivable that the fragment ion at m/e 84 
can also arise from the molecular ion at m/e 205 by 
Simultaneous expulsion of 3-pyridylcarbonylamino radical 
and hydrogen transfer from the 2-position to the nitrogen 
of the piperidine Pinch oe The fragment ion at m/e 83 
(CgHN) - could arise either from the (M-1)7 ion by loss 
of 3-pyridylcarbonylamino radical or from the ion at 
m/e 84 by expulsion of hydrogen. The ion at m/e 83 
could lose hydrogen to give an ion at m/e 82 (Pa 
or may eliminate ethylene to afford an abundant ion at 
m/e 55 (C,H,N) =. The expected fragment ion at m/e 127 
(CgH N50)” appears in low relative abundance (< 1%). 
Similarly, reaction of 1,l-dimethylhydrazine (129d) 
with n-butyllithium in tetrahydrofuran at -65°C followed 


by the addition of methylisonicotinate (132) affords 


N-N-dimethylisonicotinic acid hydrazide (133, 6%). 
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In a related one step synthetic reaction employing 


ak 
NH R R 
i i AG 
_ Ph-C-Cl l 
C=O + or Et,N, Gren NH 
fe) ( | 
T * C=0 
a CS el a 
S “ae 
N 
tae 
(134) : 
Cn35) 
a, R = Phco-; Ri = 4y 
b, R= Ri = CH,cOo- 


reaction of isonicotinic 


eNT AS 


c 


i 


Se ie 


of aes oe 7 “a, 


rt “Sait 


relia, 


acid hydrazide (134) with benzoyl chloride or acetyl- 
chloride in dry tetrahydrofuran gives rise to l-benzoyl- 
2=(4-—pyridy lcarbonyl) hydrazine” (135a, 625%) or 17 1— 
diacetyl-2- (4-pyridylcarbonyl)hydrazine (135b, 9.3%), 
respectively. The nucleophilic displacement of the 
chloride ion from acetyl chloride by the hydrazine 134 


does not stop at the monoacetyl derivative 136 but 


NH CH CH CH 
Pe j 3 | 3 l 
ns ae CH,COC1 po eare 
C=0 icra coche > NH bea 2S oy N 

NH NH 

a | 

C=0 C=0 
SS 

Ee SEE 
(134) = NN 

N N 

(136) (135b) 


reacts further to give the diacetyl derivative 135b. The 
structures assigned to 135 were consistent with their 


ir, nmr and mass spectra. 


323 -0b0L0 wa chen sod lum, borohydride sreduction Of. N-sultonyl— 


Dypsainiumesales. svnthesss or iN=sulronyl—l) 2- 


(1,4-) dihydropyridines. /® 


There has been a considerable interest in recent 


years regarding the synthesis and properties of 1,2-(1,4-)- 


ar, 


dihydropyridines. This interest was due to the synthetic 


utility of these systems in preparing various heterocyclic 
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compounds. /8+79 


In addition, the 1,4-dihydropyridine 
ring system is of biological importance since it is 
present in the reduced forms of nicotinamide adenine 
dinucleotide (NADH) and nicotinamide adenine dinucleotide 
phosphate (wapPH)./ 17° 
Although the preparation and antibacterial activity 
of some N-sulfonylpiperidine derivatives have been 
studied, °+ the preparation of N-sulfonyl-1,2-dihydro- 
pyridines has not been reported. The synthesis of 
N-benzene (methane) sulfonyl-1,4-dihydropyridine from 


cyclopentadiene was recently described. *? This procedure 


involves the cycloaddition reaction of alkyl or phenyl 


ane N-COOR 
+ (I 
—S N-COOR 


R = Et, v-Bu 


R’SO,N 
Ane QO Rs N N= G00R 
-COOR Es 


N-COOR 
(137) TS Ee we (138) 
Hoon 
RSO,N : 
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ee ee NH 
(140) “ 
Y (139) 
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sulfonyl azides to 2,3-diazabicycloheptenes 137 which 
di2Ords, the vaziridino adduct 138. Acid or base hydrolysis 
of 138 followed by oxidation of the hydrazino derivative 
139sproduces ther tricyclic -azo-compound 140 which 
spontaneously fragments in a retro Diels-Alder reaction 
to give N-benzene (methane) sulfonyl-1,4-dihydropyri- 
dine. 82783 
Many of the benzenesulfonamides already prepared 
and tested as antibacterial agents possess five and 
Six-membered heteroaromatic rings as nt-substituents.°+ 
It would be of interest, therefore, to develop a one 
step synthesis of benzenesulfonamides in which the 
nt-sulfonamide Nitrogen is) partiofia 1, 2=(1,4=) dihydro= 
pyridyl ring system. The sulfonyl group stabilizes the 
dihydropyridine structure making them more resistant 
to air oxidation than simple N-alkyl derivatives. Because 
of the resonance interaction of the lone pair of electrons 
on nitrogen with the sulfonyl group, the carbon-carbon 
double bond of these dihydropyridines have little 
enamine character. ©8 
Treatment of a mixture of pyridine and sodium boro- 
hydride with alkyl (aryl) sulfonyl chlorides or sulfonic 
acid anhydrides, using a modification of the procedure 
reported by Bowler 2: for the preparation of N-methoxy- 


carbonyl-1,2-dihydropyridine, now provides a convenient 


route to N-sulfonyl-1,4-dihydropyridines 141 and 
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N=sulfonyil-),2-dihydropyridine 142. 


H H 
et R-SO,Cl Po 
" NaBH, | | : H 
= or —_—_—_—_——_— 4 
N (R-SO.) ,O N 
222 
ik (02 
R R 
(141) (142) 
a, R = Me- 
b, R = Ph- 
c, R= p-Me-C -H,- 
d, R = p-MeCONH-C¢H ,- 


Reaction of pyridine with methanesulfonyl chloride 
in methanol at -65°C in the presence of sodium borohydride 
afforded N-methanesulfonyl-1,2-dihydropyridine (142a, 
32.1%) as the sole product. A Similar reaction employ- 
ing methanesulfonic anhydride®* Gavewia2artoreos) ee On 
the other hand, reaction with benzene sulfonyl chloride 
using the same conditions, gave rise to an isomeric 
mixture of 141b and 142b in a ratio of 1:8 as determined 
from the integrals of the H-4 and H-2 absorptions at 
6 2.68 and 4.16 for the respective compounds. This 
ratio was determined for the unpurified reaction product 
since 1,2-dihydropyridines 142 undergo considerable 
decomposition upon purification. The reaction of benzene- 
sulfonyl chloride with pyridine (both solvent and 


reactant) in the presence of sodium borohydride at 25°C 
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was investigated to determine if the isomeric product 
ratio 141:142 was dependent upon solvent and temperature. 
Reaction under these conditions gave rise to an isomeric 
mixture of 141b and 142b in a ratio of 5:4. The results 
of similar reactions employing benzene sulfonic anhydride 
are shown in Table 8. The reaction of p-toluenesulfonyl 
chloride with pyridine (both solvent and reactant) at 
25°C in the presence of sodium borohydride afforded an 
TSsOMericymixcuees On 141 crondwl42ogin va Gatiol. ef ie1, 
Structure-activity studies of benzenesulfonamides 


have shown that a n? 


-amino group or a group such as 
N+-acetamido group which can undergo metabolic biotrans- 
formation to a N4-amino Group 77 vivo isarequared? for 
antibacterial activity.®° It was, therefore, of interest 
to investigate this reaction employing N-acetylsulfanilyl 
chloride. Reaction with pyridine using methanol as 
solvent at -65°C did not occur probably due to the low 
solubility of N-acetylsulfanilyl chloride. When the 
reaction was carried out using pyridine as solvent at 
25°C ang isomericimm i xture of raldgand JA2q in a ratio. of 
2:1 was obtained. The presence of both 141d and 142d 

was substantiated further since catalytic reduction with 
palladium-charcoal and hydrogen gave N-(p-acetamido- 
benzenesulfonyl) piperidine (143) as a single product 
which was identical with the product obtained from the 


reaction of piperidine and N-acetylsulfanilyl chloride.” 
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NH 


| 
COCH, 


(143) 


A successful separation of 141d and 142d could not 
be achieved using column or thin layer chromatography. 
However, pure 141d could be obtained by treating a 
mixture of 141d and 142d with 4-phenyl-1,2,4-triazoline- 
3,5-dione (laa)! The 1,2-dihydro isomer 142d reacts 


7 + nr) cycloaddition reaction with 144 


readily vita a(t 
to give 5-endo-p-acetylsulfanilyl-2,3,5-triazabicyclo- 
[2.2.2.Joct-7-ene-2,3-endo-dicarboxylic acid N-phenyl- 
imide (145) which is consistent with the reported reac- 


uf Be iW aes Tee se 


Compounds 141d and 145 are 
readily separated by preparative thin layer chromato- 
graphy. Both acidic and alkaline hydrolysis of the 
N’-acetamido group of 14ld to liberate the free amine 

gave rise to intractable tar even though acidic hydrolysis 


of the N+ -acetamido group of 143 proceeds smoothly. °” 
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| | ae 
SO +. SO + N N-Ph 
at 
N 
\ 
| | O 
a Ve 
COGH COCH (144) 
5 &} 
(141d) (142d) 
: Ph 
| 
SO + N 
2 O =) 
a 
N-——N 
— 
‘ 
COCH, H SO0,-C-H,-NHCOCH, 
H 
(141d) (145) 


The reduction of N-sulfonylpyridinium salts appears 
to be dependent upon solvent and temperature. Attack 
by a hydride anion occurs predominantly or exclusively 
at the 2-position to give N-sulfonyl-1,2-dihydropyridines 
142 using methanol as solvent at -65°C whereas attack 
at the 4-position is usually favoured slightly when 


pyridine is employed as solvent at 25°C as shown in 


y ; 
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85. 
Table 8. 
The structures of 1,2-(1,4-)dihydropyridine deriva- 
tives 141 and 142 were consistent with their ir, nmr 
and mass spectra. The ir spectrum of N-(p-toluene- 


sulfonyl)-1,4-dihydropyridine (14lc) revealed the presence 


of a -SO,- group (1345, 1170 ae 


in deuterochloroform showed a 2H doublet (J = 8 Hz) at 


). The nmr spectrum 


6 7.68 due to the ortho-phenylhydrogens, a 2H doublet 
(d G="9" Hz) ate627.39 due to the meta-phenylhydrogens, 


act -quartet: (0 = hse or ebehare ie) = 


edd at 
-H, a 2H multiplet 


2,3 = UG = lye 27) 


at 6 6.44 assigned to the C.-H, C 


2 6 


(Jo 3 = SG og =o.) Hz at 6 4.86"due to the C 


auciemuetTplet at 62... / attributed to the Cc 


Ely G =H 


6. 2) 


47H and a 3H 


Singlet at 6 2.42 due to the -CH Most N-alkyl or 


eye 
N-aryl 1,2-(1,4-)dihydropyridines exhibit well defined 
fragmentation processes in the mass spectrometer and 


these transformations can be rationalized on the basis 


907,925.92 


of well established principles. However, the 


fragmentation of N-sulfonyl-1,2-(1,4-)dihydropyridines 
has not been reported. The mass spectrum of N-(p-toluene- 
sulfonyl)-1,4-dihydropyridine (14lc) gave an abundant 


molecular ion at m/e 235 (C NO,S)* and an even more 


12 Te 


abundant (M-1)* ion at m/e 234 (Cc NO,S)* which may 


Logie 
be due to the formation of both the benzylium ion 


derivative” and the N-(p-toluenesulfonyl) pyridinium 


90 


ion The fragmentation pattern of 14lc is shown in 


Scheme V. The base peak was the tropilium ion at m/e 91 
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86. 
SCHEME V 
Mass spectral fragmentation pattern of N-(p-toluenesulfonyl)- 


1,4-dihydropyridine (141lc) 
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(eon oy which can easily arise from the molecular ion 


at m/e 235 by loss of a 1l-sulfonyldihydropyridyl radical.°° 


64 


The benzylium ion at m/e 91 expels acetylene to give 


+ 


a fragment ion at m/e 65 (CoH The molecular ion 


s) 
at m/e 235 loses a 1,4-dihydropyridyl radical’ to give 
the fragment ion at m/e 155 (CenP Ono)” Which sin turn 
eliminates an oxygen atom to furnish the fragment ion 
at m/e 139 (@5HoOs)". On the other hand, the molecular 
ion at m/e 235 gives rise to the fragment ion at m/e 

80 (C,H.N) ” by expelling a p-toluenesulfonyl radical. 


Wang and Thornton? reported the possible formation of 


ion 146 from fragmentation of N-alkyl-1,4-dihydropyridine 


(146) (148) 
R = alkyl > Me 


derivatives 147 which may rearrange by a H-shift to form 
the stable 3-cyano pyridinium ion (148). The ion at 

m/e 80 could arise in a similar manner. The pyridine 

ion at m/e 79 (C.H,N) which affords the ion at m/e 51 

x can arise either from the ion at m/e 80 by loss 
of a hydrogen or from the ion at m/e 234 by expelling a 
p-toluenesulfonyl radical. The mass of all fragment ions 


was consistent with their accurate mass measurements. 
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470%:03 072.0. SOME tn vtvo PHARMACOLOGICAL 


TESTING RESULTS 


A series of selected N-carbonylamino-1,2,5,6-tetra- 
hydropyridines 1l3and the structurally related 3-pyridyl 
carbonylhydrazine derivatives 131 were subjected to 


broad spectrum pharmacological screening which was carried 


R2 
R 
R™ NH 
= ! 
C=0 
| 4 | 
NH SN 
G=0 
_ (131) 
(13) 


out under a "Screening Program for New Drug Type 
Discoveries" under an agreement between Canadian Patents 
and Development Limited (CPDL) and Bio-Research Labora- 
tories Limited. A schedule describing the complete 
details of the primary screening program is included as 
an appendix at the end of the chapters. The pharmaco- 
logical test results obtained are shown in Table 9. 
Compoundsslize, wish piso, isc and [sla were 
found to be active analgesics while 13ld exhibits slight 
analgesic and antidepressant activity. Compounds 1l3e, 


Tish, bLisgaelisceanG LLskh alieeshnibit antaineg lammatony 


88 


ted 
rh) ae 
vie 


4 


af Per 
i) AY ane 


+ i ae 
Alain Wea eae 


a Aa Rr i | Ais aps 
fx : Bim AY HR 


a es ail 
pie iovee® f ee ae eS 
nL Or Te nh pe ae 


a ee. Tae 
ey i a em 
A ode WD i mi he hl 
" 7 $2 
Hyde cd (F8% 
4 A 
He i : 
% f 
phe id 


ap be 


i 


eae yt 


Aa 


We 


Gian 


3y/30Ly 
* 


assoadep 
: A13AQ 72580 
N 
ee Naas 
ZA ZA 
PO) 


JETT 


spunoduos 


*oTwedkT31edéy = 


peqeTei1 pue ssutpraddorapAyerjej—g‘¢* 7‘ T-oupTMe-N A0zZ sq[Nse1 


OgT 
~ %407- geet 
! | ‘ 
oS S 
| 
a Zz 
eat a 09 0=9 
a : z 
N N N | N 
WS SS WS SS 
no® (Ho) Ho (2H) 
AS ae yal PETIT FEIT CEtt 


6 ATaVL 


xxx SOATIOV = 


_ : 


ee eee ee ee [ee 


ert 22 Ss 


uTu 
09 a 


| 


featzoR ATAYBITS 


referee | fae 
Tu utTw utTw 


Btt= 


2 


um | urTW); uTW |] uTU #0 
OsT O8T 


te lia 
¥¥ 


Etter 


3893 TeorTzgoyToDeMmieyg 


i 
i 
' 
i 


| 


| 


y fPATIOeUT 


“2S 9- 
* 


PTET 


=- : apo) AFATIOV 


Je[NOsPAOT pie) 


30 OOT ot zoe TAydeuy 


| oot | DTMeDATZOdAW 


jquessoideap-Tjuy 


note 


BTFJOAd 


TeuION 
8ZT TeoTZ0Tooemseydoinsyy 


(34/3) 
ISaL 
3soq 


Jequny punodwos 


int im 


eer pee ee 
Higentruattt 


‘e 


activity. It is interesting to note that those compounds 
which are active antiinflammatory agents all possess an 
aromatic ring (pyridine or phenyl), and a N-carbonylamino- 
Iycpororeetcranydropyradyl moeitys tingcontrast,~l3la and 
131d both of which have a 3-pyridyl ring but possess a 
N-carbonylaminopiperidyl or N-N-dimethyl hydrazine 
moeity lack antiinflammatory activity. This observation 
is significant since one can selectively synthesize 
compounds which exhibit only analgesic activity (l3la 
and 13ld) or those exhibiting both analgesic and anti- 
Pnieamnatoryeactavityatl ise, 1i3t ell3gvand 4i 3c): 
Similarly, it suggests that the tetrahydropyridine 
structure may be an essential requirement for the anti- 
inflammatory activity of these compounds. 

A very unique pharmacological property is the 
potent hyperglycemic effect exhibited by 1l3e, 113f, 
disdeandsli3cy.alleofawhichscontaingan aromaticyring 
(pyridyl or phenyl) and an unsubstituted N-carbonylamino- 
1,2,5,6-tetrahydropyridyl moiety. The hyperglycemic 
activity of these compounds is especially important 
Since it may be exploited for the development of anorectic 
agents useful in weight control and/or weight loss in 
addition to its possible use in the treatment of insulin 
induced hypoglycemia. The observation that 113c exhibits 
a potent hyperglycemic effect while 1131 is a slightly 
active hypoglycemic effect is interesting. This observa- 


tion, couldcindicate that the N-carbonylamino-~-1;2,5,6- 
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tetrahydropyridine ring must be unsubstituted for hyper- 
glycemic activity (compare also with 1133 and 113k) or 
that the reversal in activity is in fact due to the 
hydroxypropyl substituent present in 113i. The parent 
pyridinium ylides 112e, 112f and 112g were devoid of 
activity except for a mild hypoglycemic effect exhibited 
byelilZi. Thiswilack of activity’ rs likely due to their 
rapid rate of excretion because of their high water 
SsolubiiLity. 

In addition to the compounds described in Table 9, 
other related compounds have been prepared and submitted 
for broad spectrum screening. Compounds 135a and 135b 


were synthesized to determine the pharmacological effect 


resulting from acyl substitution on the terminal hydrazine 


Nitrogen, Of isonicotinicvacid hydrazide. It was of 
interest to compare the activity of 135a and 135b to the 
structurally related monoamine oxidase inhibitor, 


85 : 
which acts as a central nervous 


iproniazide (149), 
system stimulant. Compounds 131b and 13lc were prepared 
sOuthat. their activity could be. compared to that of the 
piperidine analog l3la. It is reported that the ratio 
of analgesic activity of the drugs phenadoxone (151) 


#2 Simivarly, the drug 


and diapanone (150) is 7/4. 
ethoheptazine (152) is reported to be as active an 
analgesic as meperidine (153) but has the advantage of 


being free of addiction liability and having a low 
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incidence of side effects. Thus testing of 
131b and 13l1lc should indicate whether the morpholine 
ring or the homopiperidyl ring is isosteric with the 
Diperidyi ‘ring of I3la. 

The test results for 113% (the N-oxide derivative 
of 113g) may indicate whether an increase in water 
solubility affects the analgesic, antiinflammatory and 
hypergiycemic activity of 113q2) Compounds 123a, 123b, 
123c,) 1:24 Wands P25eamM whien the pyridyl. group of tetra- 
hydropyridines 113 has been reduced to a dihydropyridine, 
tetrahydropyridine or piperidyl moeity, were designed 
to determine if the aromatic group of 113 is essential 


for the pharmacological activities observed. The 
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preliminary pharmacological test results of the novel 
compound 141d in which the n+-sulfonamide nitrogen is 
part of a 1,4-dihydropyridine ring system will allow 
comparison with the known ni-substituted derivatives 
already reported in the literature. 

The design, synthesis and pharmacological evaluation 
of N-carbonylamino-1,2,5,6-tetrahydropyridines and the 
related compounds described provide the groundwork 
for an extensive structure-activity study to determine 
the structural requirements for optimum analgesic, 


antiinflammatory, hyperglycemic, and hypoglycemic activities. 
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DOr O0F EXPERIMENTAL 


Melting points were determined with a Buchi capillary 
apparatus and are uncorrected. Nuclear magnetic reson- 
ance (nmr) spectra were determined using tetramethylsilane 
(TMS) as an internal standard with a Varian A-60, EM-360A 
or HA-100 spectrometer. Infrared (ir) spectra were 
recorded on a Unicam SP-1000 spectrometer. Mass spectra 
were measured with an AEI-MS-9 or MS-50 mass spectro- 
meter and these exact mass measurements are often used 
in lieu of elemental analysis. The following abbrevia- 
tions will be used) throughout this section: br, broad; 

Ge COubLecs mM, ) MuLtiplets os, Singlecs) t); triplet; Lit, 


literature. 


5.1.0.0.0. Preparation of N-iminopyridinium ylides and 


their 1,2,5,6-tetrahydropyridine reduction 


products 


§.1.1.0.0. Preparation of N-(2,4-dinitrophenyl) pyridinium 


chloride (109a) 


General procedure A 

AumixcnneroL ireshiyvedsst el vedupynidiner(7.52g7a95 
mnol)m@ands!=chioros2 w—dinitrobenzener (seq, 74-12 tmmol) in 
100 ml dry acetone was allowed comes emis for Lonhne 
Removal of the solvent tn vacuo afforded a residue which 


was washed with 100 ml ether. Recrystallization from 
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absolute ethanol gave N-(2,4-dinitrophenyl) pyridinium 
chloride (109a) (18.93 g, 90.8%) as a yellowish white 


crystalline solid mp 191.5-193° (Lit mp 190-191°).° 


5.1.2.0.0. Preparation of N-benzenesulfonyliminopyridinium 
ylide (112a) from N-(2,4-dinitropheny1) pyridin- 
ium Chloride (109a) and benzenesulfonyl hydra- 


zine 


General procedure B 

To an ice-cooled solution of N-(2,4-dinitrophenyl)- 
pyridinium chloride (109a) (3.26 g, 11.6 mmol) in methanol 
(30 ml) was added dropwise benzenesulfonylhydrazine 
(3.92 g, 22.8 mmol) in methanol (40 ml) and then tri- 
ethylamine (0.9 ml). The reaction mixture was allowed 
to stand at room temperature overnight. The solid which 
precipitated was filtered off and washed in succession 
with 60 ml each of methanol, water, methanol and ether. 
A suspension of the solid obtained above in dioxane-water 
(4:1 v/v) (200 ml) was heated under reflux for 12 hr to 
afford a clear solution. The solution was removed in 
vacuo below 55°, water was added to the residue and the 
insoluble material removed by filtration. The filtrate 
was concentrated under reduced pressure to yield N- 
benzenesulfonyliminopyridinium ylide (112a). Chromato- 
graphy) ont.a; neutral alluminaycolumn. 225) x26ecmiusing 


ether-methanol (1:1 v/v) (400 ml) as eluant afforded 
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pure N-benzenesulfonyliminopyridinium ylide (112a) 


(oes2 tones Gale mpl S0-152°s (lat mp. 150-152°) 87> 


5.1.2.1.0. Sodium borohydride reduction of N-benzene- 
sulfonyliminopyridinium ylide (112a) to 


N-benzenesulfonylamino-1,2,5,6-tetrahydro- 


Pyro dine sea) 


General procedure C 

Sodium borohydride (100 mg) was added to a solution 
of 95% ethanol (40 ml) pre-cooled to 0°. wr solution of 
N-benzenesulfonyliminopyridinium ylide (ll2a) (0.31 g, 
1.32 mmol) in 95% ethanol (40 ml) was added dropwise 
duning #207mi nek  Abter stirrings fore hreate0le theizreac- 
tion mixture was poured onto crushed ice (150 ml) and 
allowed to come to room temperature. Extraction with 
Ghilorotorn 4(4%c0 759ml) ,2dryinga (sodium: sulfate)mand 
removal of the solvent in vacuo gave a yellow semi-solid 
which was subjected to preparative tlc on four 20 x 20 
cm silica gel GFP 254 plates, 0.5 mm in thickness, with 
benzene-ether (1:4 v/v) as the development solvent. 
Extraction with warm methanol (50 ml) of the fraction 
with Re of 0.78 gave N-benzenesulfonylamino-1,2,5,6- 
Getrahydropyuidinesa(dssa), (0.8234 g,8 30.93) renimeat) : 
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(SO,); nmr (CDCl): 6° 82 18=72 42. «(m; 
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5.1.3.0.0. Preparation of N-methanesulfonyliminopyridinium 
ylide (112b) from the reaction of methane- 
sulfonyl chloride, hydroxylamine-O-sulfonic 


acid and pyridine 


A solution of hydroxylamine-O-sulfonic acid (11.4 g, 
101 mmol) in water (100 ml) was neutralized with a solu- 
tron) Of potassium nydroxmde's.(5’. 6.00) sin water (20 uml) at 
5°. This solution was added dropwise to pyridine (40.0 
g, 506 mmol) at 70-80°. The solution was maintained at 
this temperature for another 30 min and potassium carbon- 
ate (14.0 g) was added with cooling. The solvent was 
removed tn vacuo below 40°, the residue dissolved in 95% 
ethanol (300 ml) and the insoluble inorganic salts 
filtered off. Potassium carbonate (20.0 g) was added to 
the filtrate. After one hr methanesulfonyl chloride 
(11.6 g, 101 mmol) was added and the solution stirred at 
25 eetOm 1oehr. SFittration andsthen removal jot the 
solvent from the filtrate tn vacuo afforded a residue 
which was chromatographed on a 2.5 x 26 cm neutral 
alumina column. Elution with chloroform (1750 mL) gave 
N-methanesulfonyliminopyridinium ylide (112b) which on 


recrystallization from absolute ethanol-ethyl acetate 
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5.1.3.1.0. Sodium borohydride reduction of N-methane- 
sulfonyliminopyridinium ylide (112b) to 
N-methanesulfonylamino-1,2,5,6-tetrahydro- 


pyridine (113b) 


A solution of N-methanesulfonyliminopyridinium ylide 
CUUZby es (On 2a zo mmol), 1n95s.etnanol (s0eml) was 
added to a pre-cooled solution of sodium borohydride 
(0.2 g) in 95% ethanol (40 ml) and the reaction was 
completed as described under procedure C. The reaction 
product was subjected to preparative tlc on four 20 x 20 
cm silica gel GF 254 plates, 0.5 mm in thickness, with 
benzene-ether (1:4 v/v) as development solvent. Extrac- 
tion with warm methanol (50 ml) of the fraction having 
Re of 0.59 afforded N-methanesulfonylamino-1,2,5,6-tetra- 


hvydropyridine: 113) (0.143 9, 65.02), mp 68-70°> i195 


at 


(chloroform): 1330, 1165 cm (SO.); nmr (CDC1,): 6 6.0 


(S, 1, NH, exchanges with deuterium oxide), 5.61 (m, 2, 


Cray C,-H), Buna Fay “(Giips Par, C.~H), CL Or | ad Ga) = 6.20°HZ)), 
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5.1.4.0.0. Preparation of N-benzenecarbonyliminopyridinium 


FOO: 


Viide (112c)\ trom N-(2,4-dinitropheny!l) pyridinium 


chloride (109c) and benzoylhydrazine 


To an ice-cooled solution of N-(2,4-dinitropheny1) - 


pyridinium chloride (l09c)) (6.52.0, 23.16 mmol) in methanol 


(60 ml) was added dropwise benzoylhydrazine (6.2050, 
45.6 mmol) in methanol (40 ml) ond then triethylamine 
(1.8 ml). The reaction was completed as described under 
procedure B. The reaction product was purified ona 

2.5 X 26 cm neutral alumina column. ~ Hlution wath*ether- 
AA aera v/v) (400 ml) gave N-benzenecarbonylimino- 
pyridinium vyisde (lize) (2.097 ¢, 45.7%) «as a yellowish 


erystalline solid, mp 176-178°. (Lit mp ae eee LS 


ola. OFF © Sodium borohydride reduction of N-benzene- 
carbonyliminopyridinium ylide (112c) to 


N-benzenecarbonylamino-1,2,5,6-tetrahydro- 


Py Poaneer (les c } 


A solution of N-benzenecarbonyliminopyridinium 
Virae CLEC) slat 3 (G7). 25, MMOL) ln -Ioeeethanol, (807ml) 
was added to a solution of sodium borohydride (0.4 g) 
in 95% ethanol (40 ml) pre-cooled to 0° and the reaction 
was completed as described under procedure C. The 
reaction produce’ wast puUrLiEled Ona? x 26 ‘emneutral 


alumina column. Elution with ether-methanol (5:1 v/v) 
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(250 ml) afforded N-benzenecarbonylamino-1,2,5,6-tetra- 
NvVAnOpyweia new BlsC ar Ule Siar 85. 52) amp tS 7 13 Osta 
(chloroform): 3440, 3350 (NH) and 1675 cm? (co); nmr 
(CDCl): OF,94093 “(S77 eo, NH frexchanges: with, deuterium 


Ox de) e, Gite Sar Ome (pee, Ai) eyes aot eis, ee Ce iy Cy,-H), 
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BE Serbo eae 2 Cj-H), Zee ee | Tae) = Ou 2) fees Ce-H], 
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=i eMassiCalcd se om iC HieeN-Oe & 202.1106. 
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5.1.5.0.0. Preparation of N-methanecarbonyliminopyridinium 
ylide (112d) from N-aminopyridinium iodide and 


acetic anhydride 


A solution of 0774 )g of N-aminopyridinium foaiaere 


in acetic anhydride (20 ml) was allowed to stand at room 
temperature for 48 hr after which it was poured into 
distilled water (20 ml) in a separatory funnel. The 
solution was made alkaline with sodium hydroxide (20%), 
extracted with chloroform (200 ml) and dried (sodium 
sulfate). Removal of the eOlene tn vaeuo afforded pure 
N-methanecarbonyliminopyridinium ylide (112d) (0.156 g, 
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EO. 
added to a solution of sodium borohydride (0.1 g) in 
95% ethanol (40 ml) pre-cooled to 0° and the reaction 
was completed as described under procedure C. The reac- 
tion product was subjected to preparative tlc on four 
20) 50.20 icom ‘isikicay iqel Gk (254 plates,/10..5.mm iin ithickness, 
using ether as the development solvent. Extraction 
with warm methanol (50 ml) of the fraction having Re of 
0.29 afforded N-methanecarbonylamino-1,2,5,6-tetrahydro- 
pyridine (113d) (0.057 g, 38.4%), mp 86-88; ir (chloro- 
form): 3430-3300 (-NH-) and 1665 cm ~~ (CO); nmr (CDC1,): 
6 7.28 (S, 1, NH, exchanges with deuterium oxide), 


By 65 /a(myp 2), (Canam Cr ye ae 5-31 (m, 2, C,-H), 2.98 


3 
Bod cag = eS ciy,. d2ig Co-HI, 2 6G CL, 25 C.-H), FA 
{Seis CH,); Mass Calcd. for C7H,5N50: 140.0948. 


Found) </40.,0950.. 


5. ).0.0.0., Preparation, of N=-(4-pyridylcarbonylimino)=— 
PyLTdaniiimyide, (el2e) from N= (2,4-diniero= 
phenyl) pyridinium chloride (109e) and 


BSONICOLInic.acia hydrazide 


To an ice cooled solution of N-(2,4-dinitrophenyl)- 
pyr idiniumechliomide sGh09e), (61.52 .9),9123) ~)h.6ymmody); dan 
methanol (20 ml) was added a suspension of isonicotinic 
acids hydrazide! a 6e2hgq,, 45.26 mmol), in methanol (60.ml1) 
in five aliquots; wrehistirning.ay, Triethylamine i().8 aly) 


was then added and the reaction was completed with 
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continuous stirring as described under procedure B. The 
GeAaCtLIOnepLoauct Was. PUurTLLeEGron ar2357x=226 som neutral 
alumina column. Elution with ether-methanol (5:1 v/v) 
(625 ml) gave N-(4-pyridylcarbonylimino) pyridinium ylide 
CU Ze aC2ies (pees One), Mpc o-2 2 eae (KBmyo 1580-1570 
aac (CO) anmrar(acucerwum, OxX1Ge)is 66 S.83-c.405 [m, 4, 
C,-H, C,-H (pyridine); ¢€ 
ins Sip Ae 


57H, Ce-H (pyridinium) |], 8.c3-7.71 


37H, Co-H (pyridine), C.,-H, C,-H, C.-H (pyridinium) ]; 


B} 4 5 


Mass Calcd. for C,H N30: VISE OVA Ge salt Ound:? =) «L990 747. 


Se l.O. 0s,  SOdtum borohnvyaridae reduction Of N=(4—-pyridyi-— 
Carbony /imino)pyridainaum y lide, (li2e) to 


N= (4-pyridylcarbonylamino) -1,2,5,6-tetrahydro- 


Pyvadine (ile) 


A solution of N- (4-pyridylcarbonylimino) pyridinium 
yiIdem(tl2e)e(2 a4 qe Owenmol) tanp9sseethancl(30 il) 
was added dropwise to a solution of sodium borohydride 
(Oo7 eg) Snel Sseethanol Se60eml)itpre=cooled to 0° and -the 
reaction completed as described under procedure C. The 
Heactron product was "then spurs ledtonvat2.. 56x 025 4.cm 
neutral alumina column. Elution with ether-methanol 
(5m v/v je (000ml) S@gave (N= (4—-pyridyvicarbonylamino)—1,2,5,6- 
Cetranydropyuidine “lige) (2.0 oF 83 162). °mp (lal —e4ee; 
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5.1.7.0.0. Preparation of N="(3=pyridylcarbonylimino)- 
pyridinium®ylide (112£) from N-(2,4=—dinitro- 
phenyl) pyridinium chloride (109f) and 


nicotinic acid hydrazide 


To an ice-cooled solution of N-(2,4-dinitrophenyl)- 
Dy Lroainanimechilonrvaecs (LOI) (3.26 Gg 71. oo mmol) an 
methanol (20 ml) was added a suspension of nicotinic 
ACTCmnydia7 demon G yee) Oo mol) sine methanol —(6o0 mi) 
Mies VerceLouOes sawitie stl aring. (olraetny lamine (079ml) 
was then added and the reaction completed with continuous 
stirring as described under procedure B. The reaction 
DECdUCL wasecthen punrriaed. by relution .from ja 2:5. x25. cm 
neutral alumina column using ether-methanol (6:1 v/v) 
(250 ml) to afford N-(3-pyridylcarbonylimino) pyridinium 


VA TOeoe (tiles te) mle OGsG me GiOt2 co) 4s Dee how) OO. dt ae ChLOro— 


form): 1600-1560 cm" (CO); nmr (CDC13): 6 8.90 
[d(J5 4 = 92 HZ) Ot cd (Jo ¢ Seale Gly C.-H (pyridine)], 
O.0:2— 85-3 4 (mye C,-H, Co-H (OVaG auee)) F C,H, C.o-H 


(pyridinium)], 8.18-7.0 [m, 4, C,-H (pyridine), C,-H, 


C,-H, C.-H (oyrldinrum) |}: Mass Calcd. for C1 1HoN30: 
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Sp ele 0e, Sodaum borohydride meduction .of N=(3spyridyl- 
Gannonywimino) pyridinium iylide:(LlLZ£): to 


Naloapyrady tcarnbony amine) -—l,) 2:5; \6-betra— 


hydropyridine yk Il 3) 


Aysolution of N-(3-—pyridylearbonylimino) pyridinium 
Vis Gers (del2 tam Glew Die ,f Sea. mmol) in 995% vethanol (30 ml) 
was added dropwise to a solution of sodium borohydride 
(0.6 g) in 95% ethanol (40 ml) pre-cooled to 0° and the 
reaction was completed as described under procedure C. 
The reaction product was then purified by elution from 
a 2.5 x 25'cm neutral alumina column using ether-methanol 
(6:1 v/v) (300 ml) to give N- (3-pyridylcarbonylamino- 
pe ono cetLranyaoropy ar dine™ (13 Een (2643.00 2880508) ,..mp 
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520.3020.0.6 "Preparation of \N=(Z2-pyridylcarbonylimino) = 


pycrainium yirderiligg)elrongNna(2;4-dinitro— 
phenyl) pyridinium chloride (109g) and 


picolimicktacidphydrvazide 


To an ace cooled solution of N-(2,4-dinitrophenyl1)- 
Pylon iimsenwoni de), (OIG) (5,491 gq, 19.29 mmol) in 
methanol (30 ml) was added a suspension of picolinic 
actashydrazides(>.68! 0, 41.4 mmol) win methanol (60 m1) 
an tive ealiquotsewith stirring.  TInrivethylamine’ (1.8 ml) 
was then added and the reaction completed with continu- 
ous stirring as described under procedure B. The 
DEOCUuctaWwosmenenmDuUrrtt Veda, Dye elu Lone trom an2.5 X25 4Cm 
neutral alumina column using ether-methanol (5:1 v/v) 
(600 ml) to afford N= (2Z=pyridylcarbonylimino) pyridinium 
Veer emnltle2 CG) m2 re Oy 8406) ee Oo Lowa din ChLOro— 


1 


form): 1583, 1562 cm ~ (CO); nmr (CDC1.,) : 6 9.03-8.37 


fish, Co-H (pyridine), "Cr—H, Ce -Ha(pyridinium) }% 


2 6 
Gases [my 2, C,-H, C,-H, C.-H (pyridine), C,-H, C,-H, 
Co-H (Dy iaidaneaum al MasseCalcd.. ton C1 1H oN30: OO OO. 


Bound :. ©. 99...07 457. 


pelle 0. Moecrunnborolydae degredicti1on Of NatZepyridvyi= 


Garbonylimino pyridinium yisder (lil2g) ito 
NaetZeoyr Layne arbony Lamino)mi yi, 5, Or Letra 


hydropyridine (113g) 


A solution of N-(2-pyridylcarbonylimino) pyridinium 


Vivde ws Ul2o ed Oe gy 1.04 mmol) sin 95s ethanol (80 smi) 


106. 
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OF 
was added dropwise to a solution of sodium borohydride 
(Oss ¢) Sn) 952-ethanolG (30) ml) pre-cooled: to70°v and" the 
reaction was completed as described under procedure C. 
The reaction product was then subjected to preparative 
ViCceUica nor LOnwecO x 20cm Silica: gel Gr 254eplates, 

0.5 mm in thickness, with benzene-ether (1:4 v/v) as 
development solvent. Extraction with warm methanol 
(SO gn) onrrenemwsraction Having Re Of 6O5Seartorded N-(2— 
pyYraidy learbonylamine) ),/2, 5, 6-tetrahydropyridine (113g) 
(OmeuG GEG oe Seem Oo os lr CChHLOrororm)::. 3440; 


1 


3400, 3320 (-NH-) and 1680, 1675 cm ~~ (CO); nmr (CDC1,): 


6 8.9 (S, 1, NH, exchanges with deuterium oxide), 


8.45 [d(J aay Se dal-4gh One are a Fa) SZ) pul te el 


4,6 6 
stp licee sea) Cores (a) 


50 


(episecks whee pr, tron Jey aM [oh Ca conf bie § A) tas 


3,4 


le C,-H Gareswelieve Pp ta tst Kelis 


3,5 


3,4 = J4,5 =f HZ) PO 


d(J = TAs Ay ake C,7H (Gehisig abel avey Ph 7a Sic ie (a) =5 70) HZ) 


4,6 
eparteuiidl 


4,5 


8 PTAA a! le C.-H (ey cleaner) la 


=Hme(tetranvaropyy 1d1ne)y , 32 7—S..3 


BG =9 SZ) KO baa 


Dew pee ee th, ke 


3 4 


Lye C.-H (Cetrahnvdropyr1dime)i|, vs. [t (J, aa Snot tebal kr 
’ 


whe Co-H (tetany droOuy imal Gine) |, 2602-2. 021 (m, (2, C.-H 


(tetrahydropyridane)47 Mass *Caled= “for C37 F13N30: 
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571 90.06) Preparation of N=(phenvylethylamino) pyridinium 
yaide Seri 2h) miromeN= (27 4-dinitropheny1)= 
pyridinium chloride (109h) and phenylethyl- 


hydrazine 


To an ice-cooled solution of N-(2,4-dinitrophenyl1)- 
DYELainwnechtvomvdes (LOS) (3. 26eq; 20.58 ommol)’ 7in 
methanol (20 ml) was added a solution of phenylethyl- 
hydrazine (3.22. 9emmol)  inemethanol (100, mi). with 
stirring. Triethylamine (0.9 ml) was then added and the 
reaction completed with continuous stirring as described 
under procedure B. The reaction product was then purif- 
ied by elution from a 2.5 x 25 cm neutral alumina column 
using ether-methanol (1:1 v/v) (325 ml) to give 
N- (phenylethylimino) pyridinium ylide (112h) (0.81 g, 
35.5%) aS a weddaish olemnmr (CDC1.,): CBI 225s fad = 


Ci 8) 


= (6 Hz) on did = J = ie55¢ Hz), 020 Ca AY Ce 


J oA LG 2 6 


5,6 


LOG 


(ovridinzum) pesos -7. 7 [m, 3 C,-H, C,-H, C,-H (pyridinium) |; 


Poll Whe Se Mn BeBa hus 2g Seely SRO Thy mete e 


Mass .Cated. “for C) 3H, 4N>: POC oe Gris Found: ROB" LVS iG 


Sele 9 2G. ISodtum borohydride reduction) of N=(phenylethyl-— 


imino)pyridinium ylide (112h) to N-(phenylethyl- 


amino)—1/27,/56—-tetrahydropyridine’(11i3h) 


A solution of N-(phenylethylimino) pyridinium ylide 
(lh) (04 Ge dO Sc lemmnol)) in 952cethanol=(s0eml) “was 


Addeadmte assOluLton, OL Sodium borohydride: (020679) an 95% 


109. 

ethanol (30 ml) pre-cooled to 0° and the reaction was 

completed as described under procedure C. The reaction 

product was then subjected to preparative tlc on four 

20) x).20) cm Sitica gel GF 254) plates, (0.5) mm in thickness, 

using benzene-ether (2:3 v/v) as development solvent. 
Extraction with warm methanol (50 ml) of the fraction 

having Re of 0.51 afforded N-(phenylethylimino)-1,2,5,6- 
tetrahydropyridiner(113h)1.(0.089 cqiv48.47%) "as a very 


1 


low melting solid; ir (neat): 3350 cm ~~ (-NH-); nmr 


(CDC1.,): Opie onan 5 22h). sot. (mys 27 Hy, C,-H), 


3 


3.28-2.50 Complex m, 8, -CH.,-CH.-, C.-H, Ce-H), 22 


2 2 Z 


(m, Za C.-H) e 


Jel.L0.0.0.. Pucnparation ior N-benzenecarbonylimino-3 (3!- 
hydvoxypropy.)pyridiniumiyilade(lb23:) from 
N- (2,4-dinitropheny1) -3- (3!-hydroxypropy1l) - 


61 


pyridinium chloride (1091) and Benzoyl- 


hydrazine 


To an ice cooled solution of N-(2,4-dinitrophenyl) - 
3- (-3+-nydroxypropyl) pyridinium chloride (0 oases (4E SiG; 
| 13325 ater in methanol (30 ml) was added dropwise 
benzoylhydrazine (3.55 g, 26.1 mmol) in methanol (60 ml) 
with stirring. Triethylamine (1.8 ml) was then added 
and the reaction was completed with continuous stirring 
as described under procedure B. The reaction product 


was7then) puritwea jonvat2 Sic 2ticm neutral, alumina 
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140 ROR 
column. shlueiony with ether—methanol (531 v/v). (550°m1) 
yielded N-benzenecarbony1limino-3- (3!-hydroxypropyl) - 


PY Dudiniumeylide: (17 Wn 69n.g 4.70202) sa irk (neat): 


B97 60-867 OallOEt a OOo Mommeal (CO) mnmt (CDC1,): 6 8.57-8.30 


(iiye 4 Hy Cem aMpyrloanium))) 9a ore /—-7.87 «Lm; e2ytontno- 


2 6 


pheny hydrogens) |74 7.747) 1 8aiLcomplex my25,4C7=H;y Cz-H 


4 5 
(pyridinium), meta and para-phenyl hydrogens ], 4.32 (S, 


ljNOH;, exchanges with deuterium oxide) ,73.46 [t(J°=)6Hz), 


Bpeper eC erp Only 2r[ t(daaw em tz )% 924 -CHS Cun 
CH,-OH], Ze Oe, 43eu(T 22; ~CH,-CH.,-CH.-OH) ; Mass Calcd. 
fox C1 5H) ,6N50>: 25 bre 22 te AE OUNG ss | 256 22 s/s 


jl LOL. VU  SOdtum bDerohydride reducelon sof N-benZzene= 
carbonylimino-3- (3!-hydroxypropy1) pyridinium 
ylide (112i) to N-benzenecarbonylamino-3- 
(3-nydroxypropyl)-1,2,5,6-tetrahydropyridine 


(ilar) 


ABSOLUCTON, OL N-benzenecarbonylimino-3- (3*-hydroxy- 
propy Mipynl daniumeyerdes(1a2ay (0.27590q7 1207 emmol) qin 
95% ethanol (30 ml) was added dropwise to a solution of sodium 
borohvydnade 1(0 7820). sin) 95¢eethanol. (40am) sprejcooledsto 
0°25 -The-react2-0on, wasnallowedstojproceed “for LOi.hr and 
completed as described under procedure C. The reaction 
product jwas fEhensepurvsied by eluGuonutromeay2e5ixe22 cm 
neutral alumina column using ether-methanol (6:1 v/v) 
(P25 em))) GeO agave N-benzenecarbonylamino-3- (3!-hydroxy- 


Propyl)-l,2,>,o=tetranvydaropyridine, @el31) (0,147%g, 


ese 
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Hie, 
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ii 
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poke, 


Peis: 


Deron ao er oO Loo +t 9 (NEIa) se “oS O0—o2e0™ (OH) 773200 


(-NH-), 1655-1640 ena (EO)}rs enim (DMSO-d) : J 49° G3A(S+ 


1, NH, exchanges with deuterium oxide), 8.08-7.70 (m, 
2, -Ortne-pneny! hydrogens), 7./0=7.39 (m,"3', meta and 


para-pheny l shydrogens)’, °5.73-5.30 '(m,°l1, C,7H (tetrahydro- 


pyridine)], 4.48 (S, 1, OH, exchanges with deuterium 


Oxide) 7435. 60-5. 2. *pcomoLex mm), 145.1C--He (tetrahydropyridine)., 


2 


2 2 5 Sits =" 6-Hz yp e24 Co-H (tetra- 


nyaropyridine)), 2545-567 ~[complexem, “4; C.-H (tetra- 


0) Li) |My melet Or) leet HOU TY peren, 


-CH,-CH.,-CH.,-OH], 3.0 [t(J 


hydropyridine), ~CH,-CH.-CH, 


97~CH,-CH,-OH) ; Mass "Gablcd.*for C1 5H59N,0,>: 


POunG :e91200. 15507 


sen ZO Ue ES 29's 


5.1-11.0.-0. Préparationvot N= (4-pyridylcarbony] imino) = 
3- (3+-hydroxypropyl) pyridinium Viltid ew Ds) 


EeOm N- (2, 4-dinitropheny1)-3- (3+-hydroxy- 
DEOpYL) pyridinium ¢chiloride (1093) © and 


TSONECOLINIC acid hydrazide 


ToMan ice cooled solution of N=(2/;4-dinitropheny))- 
3- (3+-hydroxypropyl) pyridinium chloride (1094) ot CSe2s-9; 
15.36 mmol) in methanol (40 ml) was added a suspension 
Or PSOnvoouuniG, acta hydrazitdae-s (4. 21097"°3070°mmol) in 
methanol (609ml) sane rves aliquots ween Stirringe “Tri 
ethylamine (1.8 ml) was then added and the reaction 
completed as described under procedure B. The reaction 


product was then purified by elution from a ‘2.5 x) 21 ‘em 
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neutral alumina column using ether-methanol (5:1 v/v) 
(S00Pml) * to; give N- (4-pyridylcarbonylimino) -3- (3+-hydroxy- 


propy )ipysvewmniunsylaider( Ti jw leo. ¢,#4873%), mp ti 


ech e (oreo cUl eo JON on anda socten > (CO). 


nmr (DMSO-d) : 663598=8. 52" [complexe m, 14; C.-H, Co-H 


(pyridinium). @—He CoH (pyridine) ],—8230-7.71 [complex 


2 


m, 4, C,-H, C--H (pyridinium), C,-H, C.-H (pyridine)], 


4 5 ib: 5) 
4269 (55 329-0, exchanges withedeuteriumvoxide) -~3.52 


ted - SS 7 Az ae ie -~CH,-CH,-CH,-OH] , Zoom CCU R= Jez )s, 
2. ~CH,-CH.-CH.,-OH], 2. Uo—. 5 O0R (ites ~CH,—-CH.,-CH.5-OH) ; 
Mass, Calcd. = borece -H4 NeOse 25 Jiao Found: 257 3169. 


Palo 1S 2 


Sells On eoOavumM DOrOnvar. ae: requcteion Of N- (4—pyridy) = 
carbonylimino)-3- (3!-hydroxypropyl) pyridinium 
Viilderele2 me LOVN-\4—-pyitoylCarponyLamino) 3 — 
(3+-~hydroxypropyl)-1,2,5,6-tetrahydropyridine 


(113°) 


Awsolution. of N- (4-pyridylcarbonylimino) -3- (3- 
NVAEO<VOGODy pyr rdinaum ey lide Glia) “Cle 2.q,. 6.63) mol) 
in 95% ethanol (40 ml) was added dropwise to a solution 
Of sodium DOoLronyvaride, (Om5'q)" in 952) ethanol (60 mt) 
pre-cooled to 0° and the reaction was completed as 
described under procedure C. The reaction product was 
Chen purvirTede by Lucien #xremea 2.59 x= 20cm neutral 
alumina column using ether-methanol (5:1 v/v) (450 ml) 


tOvattord N- (4-pyridylcarbonylamino) -3- (3+-hydroxypropyl)- 


Lis 


“a sx 7 


cls ated ah 


a 3 gt ru igi 


PES. 
Leeao nes cetranyaropyridine (1.139),. (L631 i.9q,.-74.9%); mp 


Pie Aa et eh es 3300552600 (—OH) 13220. (“NH=),, 


A 


1660, 1640 cm ~~ (CO); nmr (DMSO-d 6 9.90 (S, 1, NH, 


6)? 
exchanges with deuterium oxide), 8.80 [d(J, aS Je eur 


Deus), 27 Gas, CoH (py radane) i) pei. O(c Gr = Je eat 


2 6 2,3 


Saiz). Of d(J3 5 = IEG os 37H, C.-H 


(ovVridine) je; s5.c0—o. 25: (my, el, C,-H (tetrahydropyridine)], 
4.48 (S, 1, OH, exchanges with deuterium oxide), 3.72- 
Sez [conplexsmn7, 4, C.-H (tetrahydropyridine), ~CH,-CH,- 


3 Ses = 6p 12) eels C.-H (tetrahydropyridine)], 


2246—1..70 «[compiese m, -4, C.-H (tetrahydropyridine), 


SOM) ial. 710-22) [in,) .2)9 CH=CH 


CH,-OH], 3.0 [t(J 


-CH,-CH.,-CH -CH.-OH] ; 


Z 2 2 2 2 


Mass Calcd. .for C1 4H 9N39>: ZO ase COUN 2 Ones o 


5. be a2). 0. 0... Preparationgot. N<i(4-pynidylcarbonyiimino):-4-— 
(31-hydroxypropy1) pyridinium Vide Gul2ie)i «from 
N- (2, 4-dinitrophenyl) -4- (3+-hydroxypropyl) - 
pyridinium chloride (109k) ®t and isonicotinic 


acid hydrazide 


To an ice-cooled solution of N-(2,4-dinitrophenyl)- 
4- (3+-hydroxypropyl) pyridinium chloride (109k) © 5x. Ounce, 
14.73 mmol) in methanol (40 ml) was added a suspension 
Of 180ni.. connec accion hydvazide «(4 «04.95.4294 ‘mmol)) jin 
methanol (60, mie inet ive. aliquots. wathystirring 4 .Tri- 
ethylamine (1.8 ml) was then added and the reaction 


completed with continuous stirring as described under 
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procedure B. The reaction product was then purified by 
elution from a*2.5> x 20"cm neutral) alumina~column using 
ether-methanol (5:1 v/v) (500 ml) to give N-(4-pyridyl- 
carbonylimino) -4- (3!-hydroxypropy1) pyridinium ylide 
CErZk)eeGl. 20eg, 442.9%) emp lo0-L6o2°e i me(KBr) 23240-3220 
(-OH), 1630 cm™> (CO); nmr (DMSO-d,): 6 8.90-8.60 
feonplLexamy 4 C.-H, Ce 2 
(DYT1LGine)) |apese0- /.1 3S LCOMpLex Pm, #4, C,-H, S 


-H (pyridinium), C.-H,, C--H 


6 


57H (pyridin- 
ium), C,-H, C.-H (cyErdane) |; -4e/3e ls lj) -OH ,Aexchanges 


Withedeucenuum "Ox1de)., 3.50 Lt(d =178Hz), 7 2,oeCH -CHR- 


2 2 
CH,-OH], 2 oasis dieu WZ) 2, ~CH,-CH,-CH.-OH] , 2.16- 
ie Oe (In, 25, -~CH,-CH,-CH,-O8) ; Masser Calcd. ator Ci 4H, 5N305: 


Bove LGAs SVOUNndss » 25) cael 61k, 


Sele ee. sSOOl uM borohydride, reduction, Of IN=(4-pynidy l= 
carbonylimino) -4- (3'-hydroxypropy1) pyridinium 


Vine sult it Os N= A—py rly Car Donny amino) -4— 


(31-hydroxypropyl)-1,2,5,6-tetrahydropyridine 


(113k) 


AV SOLUELONTOL N- (4-pyridylcarbonylimino) -4- (3+- 


Hhyasoxy propya) py rudanaumeyirae (Hal2i)a( 0% 65g 28538 mmol) 
in 95% ethanol (30 ml) was added dropwise to a solution 
Of Sodium) borohydride BOR 2 q)e anes S52eethanols (40eml) 
pre-cooled to 0° and the reaction completed as described 
under procedure C. The reaction product was purified 


DySeiueLon- arom at2oene? eecmieneutralivaluminar column 


114. 
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using ether-methanol (5:1 v/v) (375 ml) to afford N-(4- 
pyridylcarbonylamino) -4- (3/-hydroxypropyl)-1,2,5,6- 
tetrahydropyridine (113k) (0.449, 66.7%), mp 167-169°; 
ir (KBr): 3290-3270 (-OH), 3200 (-NH-), 1660, 1640 cm? 


(CO). nmr (DMSO-d ¢) : 9. 2 3aKks (1, NH, Gexchange with 
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C3~-H (Cetranvyaropyridaine) |), 4.44) (eC) =15HzZ), 1, -OH, 
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65 


l-oxide and hydrazine hydrate 


To 2-methoxycarbonylpyridine-l-oxide°> V2 aL OG, 


13.74 mmol) in methanol (40 ml) was added dropwise a 
solution of hydrazine monohydrate (0.687 g, 13.74 mmol) 
in methanol (30 ml). The reaction was maintained at 
60° for ~ls35 (hy with (stirring. Removal: of ithe jsolbvent 
tn vaeuo and recrystallization of the residue from 


absolute ethanol afforded picolinic acid hydrazide-1l-oxide 
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5. 1.13.1. 0- reparation of N=(2-pyridvyiecarbonyJamino-l— 
Oxide) pyridinium ylide (112%) from N—(2,4- 
dinitrophenyl) pyridinium chloride (109%) and 


picolinic acid hydrazide-l-oxide (122) ©? 


To an ice-cooled solution of N-(2,4-dinitrophenyl)- | 
Dy cldanaum chlorade Ch092) 9G Se 2qe 648 mmol) in methanol 
(30 ml) was added a suspension of picolinic acid hydra- 
Zide=1-oxide (122)°° (1.98 g, 12.95 mmol): in methanol 
(40 ml) in five aliquots with stirring. Triethylamine 
(0.9 ml) was then added and the reaction completed with 
continuous stirring as described under procedure B. The 
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5.1.13.1.1.-Sodium borohydride reduction of N-(2=-pyridyl- 


carbonylimino-l-oxide) pyridinium ylide (1122) 


to N- (2-pyridylcarbonylamino-l—-oxide)-1,2,5,6- 


tetrahydropyridine (1132) 


A solutioneof N=-(2-pyridylcarbonylimino-1-oxide)=- 
DysalLoin Duma id oeuGla2 2 a0 Ole Ge ON Ad © mmol.) «ny 9.52 
ethanol (30 ml) was added to a solution of sodium boro- 
Dbvdmides 0, 050 9 sings teethanol. (10eml).pre-cooled: to 
0° and the reaction was completed as described under 
procedure. C to give N-(2-pyridylcarbonylamino-1l-oxide)- 
LP 2y po cekrahnvarLopyriaune (LiLo e(0k 0852946 982.6%) , mp 


91-93°; ir (chloroform): 3440 (-NH-), 1680 (CO), 1260 cm. 
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22. 00=240 8 \ [may C.-H (tetrahydropyridine)]; Mass Calcd. 
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hydropyridine (113e) 


Dae yl lO eee OuUCL On tomN— (4-1 —methnoxycarbony1—1.,,2— 
dihydropyridyl) carbonylamino]-1,2,5,6-tetra- 


hydropyridine (123a) 


General procedure D 

AVso lution" Oframethy chioroformarce (02 2020g7 52.15 
mmol) in methanol (20 ml) was added dropwise with stirring 
EOmansOlucion.of IN=(4—pyridylcarbony lamino)—1,2,5,.6- 
tetrahydropyridine (ll3e) (0.218 g, 1.07 mmol) in methanol 
(20 ml) pre-cooled to -65°. The reaction was allowed 
POomproceed for s0sminv at 605° with stirring. Sodium 
borohydride (0.8 g) was added and the reaction was 
albowed EO™ proceed for an additional’ shrvat?—-65°% +The 
reaction mixture was then poured onto crushed ice (125 ml) 
followed by gradual warming to room temperature. 
Extraccion withieciorororm (ZO0eml) ee drying “(sodium 
sulfate) and removal of solvent tn vacuo gave a white 
Solid which was purrtied by elution £rom /a'2. 5°x= 20ivem 
silica gel column using ether (400 ml) to afford 
N- [4— (1l-methoxycarbonyl-1,2-dihydropyridyl1)-carbonyl- 
AaMtaoy po po, ostecranvaropyridine "(l23a)™ (0 99g), 053 )., 
Wor lo 2-06 aia) 2 0.0 cre N is, yO ,eelow Ove(CO)) 
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5.2-1.2.0. . Reduction to N-[4=— (l-methoxycarbonyl-1,2,5,6=- 
tetrahydropyridyl) carbonylamino]-1,2,5,6- 


tetrahydropyridine (123b) 


Method A 

A solution of methylchloroformate. (0.38 g, 4.02 mmol) 
was added dropwise to a solution of N-(4-pyridylcarbonyl- 
imino )jpyridinium yiide (lize) (0.40 9g, 2.01 mmol)\iin 95% 
ethanol (40 ml) pre-cooled to -65° and the reaction was 
allowed to proceed for 30 min at -65° with stirring. 
Sodium borohydride (0.25 g) was added at once and the 
reaction allowed to proceed for 4 hr at 0° prior to 
completion as described under procedure D. The reaction 
Product. Was then puriirved by ‘elution from .a 2. 54x 17 .cm 
neutral alumina column with ethyl acetate (400 ml) to 
give N- [4- (l-methoxycarbony1-1,2,5,6-tetrahydropyridyl)- 


carbonylamino]-1,2,5,6-tetrahydropyridine (123b) (0.281 g, 
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C,-H (N=aminotetrahydropyridine) }, 3.80 °(S;.«3,; -CH 
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Method B 

To a solution ‘of N-[4-(l-methoxycarbonyl-l,2-dihydro- 
Dyaidy W)icarvony amano} —17 727,57, O-tetranydanopyridaine §(.12 3a) 
(iL 72g, 4.46 mmol): invI52erhanol((u20.ml )» pre-cooled 
Gor 0ceiwast added: sodium: borohydurde! (0: 35: igi) t~matnewreac— 
LVOn was «allowed gto: proceed: Gor 5 thr tat 0° Mwithvcontinu- 
ous stirring and then completed as described under 
procedure D. The reaction product was purified by elution 
from a 2255s [6 vem neutralevalumina columnyusingyethyl 
acetate 17,00 migitomgiverN=-\(4—(1-methoxycarbonyi-al , 2:,.55,6- 
tetranvdropyriay icarbpony vamino}i-1),2)i5,/6—tetrahydropyri- 
dine G23 bee O Oo Opec 2) Molo oo a wdentaca lL Ber 


to the product prepared under method A. 
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Methyl iodide (10 ml) was added to a solution of 
N- (4-pyridylcarbonylamino)-1,2,5,6-tetrahydropyridine 
(li3e) (5.0 g, 24.6 mmol): in dry methylene chloride 
(120 ml). The reaction was allowed to proceed for 4 hr 
WicChscttareinomat 25° pi1OL to Letbluxing Lor an additional 
4 hr. Removal of the solvent tn vacuo afforded a 
hygroscopic intense yellow solid which was dissolved in 
Metianomeuel 20am) sands Che rsOlULLOn cooled, tO —65".. 
Sodium borohydride (1.8 g) was added in one aliquot and 
the reaction was allowed to proceed for 4 hr at -65° 
prior to completion as described under procedure D. The 
reaction mixture was chromatographed using a 2.5 x 18 cm 
neutral alumina column. Elution with ether-methanol 
(10:1 v/v) (400 ml) gave N-[4-(l-methyl-1,2,5,6-tetra- 
hydropyridyl)carbonylamino]-1,2,5,6-tetrahydropyridine 
W123 Cs) eee eye eS.) pa eo 2 2 es aa (KB) es 3200 
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Further elution with ether-methanol -(5:1 v/v) (500 
ml) gave a solid which was further purified by prepara- 
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Des 0% ORO. Catalytic hydrogenation of N-[4-(l-methoxy- 
Garbony)—1) 2.57, 0- eetranyaropyridy])carbonyl= 
amino] -1,2,5,6-tetrahydropyridine (123b) and 
N-[4-(l-methyl—-1,2,5,6-tetrahydropyridyl) = 


caubonylaninel-—lie pb, ortetrahydropyridine” (123c) 


5.5.1.0.08" Reductions to N-—(l-methoxycarbonyl-—4—piperidyl-= 


carbonylamino) piperidine (124) 


Catalytic hydrogenation of N-[4-(l-methoxycarbonyl- 
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removed by filtration and the recovered charcoal washed 
with methanol (30 ml). Removal of the solvent tn vacuo 
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v/v) (600 ml) to afford N-(l-methoxycarbony1-4-piperdyl- 
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Mass Calcd. for C) 3H53N303: 269.440. "oRFound ss 1269747442 


5.3.2.0.0. Reduction to N-(l-methyl-4-piperidylcarbonyl- 


amino)piperdine (125) 


catalytic hydrogenation of N-[(4-(l-methy1-1,2,5,6- 
tetrahydropyridyl) carbonylamino]-1,2,5,6-tetrahydro 
DYFIGinema25c)) (0O,toseq, 0.738 mmol) in -methanol (60 ml) 
was carried out in the presence of palladium-on-charcoal 
(40°mg) and hydrogen gas at 40 psi for-12 hr. The 
charcoal was removed by filtration and the recovered 
charcoal washed with methanol (30 ml). Removal of the 
solvent tn vacuo afforded N-(l-methyl-4-piperidylcarbonyl- 
anino)iprpervaines(l25)) (0216219, 97662) emp) L717 4c 
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5.4.0.0.0. m-Butyllithium catalysed condensation reactions 


to give some pyridylcarbonylhydrazine derivatives 


5.4.1,0.0. Preparation ‘of N-(S-pyridylearbonylamino) piper-— 
dine (13la) from N-aminopiperidine and ethyl 


nicotinate 


General procedure E 

ATsoluGionvoL w-butcyeiLohium (13.43° mi of 2:..0' M 
hexane solution, 26.86 mmol) in anhydrous tetrahydrofuran 
(40 ml), under a nitrogen atmosphere, was pre-cooled to 
-65°. To this’ a solution. of N-aminopiperidine (2.686 g, 
26.86 mmol) in anhydrous tetrahydrofuran (30 ml) was 
added dropwise and the reaction was allowed to proceed 
fOr sO Min wrth Cconvinuousvstinoing.. “Avysolution: of 
evhy nico tinate ¥(4706. gir 26. S6rmmol) ein’ anhydrous? tetra- 
hydrofuran (30 ml) was added dropwise and the reaction 
was allowed to proceed for 3 hr during which the tempera- 
turerwasoradually razsed tte’ 25°.) Distilled water (20 
mle) Swas saddearslowly. "Extraction with chloroform 
(457s l00em)) drying “(sodium ‘sulfate )ivand removal of the 
solvent tn vacuo afforded a yellowish solid which was 
recrystallized from acetone to give N- (3-pyridylcarbonyl- 
amino i pEpeml cnet ae (2282 28tg: 8 OLS S)epemp: 5. aba oy 
ir (KBr): 3200 (-NH-), 1660-1640 cm™™ (CO); nmr (DMSO-d,): 
O (953 (Sh sl NG exchanges wach deuterium oxide). 38.93 
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5.4.2.0.0. Preparation of N-(3-pyridylcarbonylamino) - 
morpholine (131b) from N-aminomorpholine 


and ethyl nicotinate 


A wsolution, of 7-—butyl lithium (ll.34 ml of 2..0°M 
hexane solution, 22.7 mmol) in anhydrous tetrahydrofuran 
(40 ml), under a nitrogen atmosphere, was pre-cooled to 
=65°.5 Torthisra solution of N-aminomorpholine (20314'g, 
22.7 mmol) in anhydrous tetrahydrofuran (30 ml) was 
added dropwise. The reaction was allowed to proceed for 


20.ninswith continuous stirrings PeAtsolutionse& ethyl 


nicotinate (3.428 g, 22.7 mmol) in anhydrous tetrahydrofuran 


(30 ml) was added dropwise and the reaction completed 
as described under procedure E. The reaction product 
wasrthenapurreied ibyseLution, fromvan2).5°x 2lcmsneutral 
alumina column using ether-methanol (10:1 v/v) (375 ml) 
to give a solid which on recrystallization from acetone 
gave N-(3-pyridylcarbonylamino)morpholine (131b) (0.28 
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5.4.3.0.0. Preparation of N-(3-pyridylcarbonylamino)- 
homopiperidine (13lc) from N-aminohomopiperdine 


and ethyl nicotinate 


A solution, of n—butyliithium (6.05 ml of 2.0 M 
hexane solution, 12.1 mmol) in anhydrous tetrahydrofuran 
(40 ml), under a nitrogen atmosphere, was pre-cooled to 
-65°. To thisija, solution of N-aminohomopiperidine 
(30: Ge mmol) An anhydrous: tetrahydrofuran .(30, m1) 
was added dropwise. The reaction was maintained at -65° 
for > Oeming thn continuous Starring. | Amsolution of 
ethyl nicotminace: sl03 20 12 le mmol vein lanhydrouse.ctetra— 
hydrofuran (30 ml) was added dropwise and the reaction 
ee completed as described under procedure E. The 
Beaceron product WwasepuL aed. by Glug@ionesinom a.2.5 x 20: cm 
neutral alumina column using ether-methanol (10:1 v/v) 
(300 ml) to give N-(3-pyridylcarbonylamino) homopiperidine 
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5.4.4.0.0. Preparation of N;N=dimethyinicotinic acid 
hydrazide (131d) from 1,1l-dimethylhydrazine 


and ethyl nicotinate 


AESOUUCTONEOL 97-bDULVULEChi umn Cio. bo ml Of “210° M 
hexane solution, 26.37 mmol) in anhydrous tetrahydro- 
furan (40 ml), under a nitrogen atmosphere, was pre- 
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furan (30 ml) was added dropwise and the reaction was 
alowed to r;pLocesa SC min ate-o5 wit continuous’ stir— 
LANG eA Solio Ou "SlivlentCotanadtce. -(o...90'"O, 200s 7 
mmol) in anhydrous tetrahydrofuran (30 ml) was added 
dropwise and the reaction completed as described under 
procedure E. The reaction product was then purified 
Dy etiuarOl efron ea 62 so rk) 40 CIN MeUtra ls wa Liumd Man Com umn 
using ether-methanol (1:1 v/v) (500 ml) to give N,N- 
Cierny Mil cOumiiCtmacrta nyarazide. (Lola (1.49 qir34..25)) 


1 


mp 78-80°; ir (chloroform): 3240 (-NH-) and 1665 cm ~ (CO); 


a . 
eneaiis 


» Py aS oe 
ea ee 


a | ta 
detached anes ee 

i sabe: prea hi - i+ 
pate ena hn 

a: ae | ce 


j is tas, 
we ies 2 fia we 9 


Esa abit fs er te ac 


papa <i Ne pee one 


at 


ee an v 


“8 
7 ie. 


“te, het ka WE: si sie ded Mid aha 
+7 : Kd A? 
att tryels stoi" € noe Fa", hrs: il it vent othe gn ‘oa 


= 


F hae ibid Te | bes iS Lia? ik y ieg rN ‘abhor ic one eu a 
Laud a ete va i Ae fel sata’ cs owt? Pe | Setter hod —- | 7 

7 safe ninritrs 0 set ikea Nails a ga oh ‘othaaaiigt, % 4 

: owe ’ | gs bil eet? stig “oe pecan 'Wabie agit ieee oer nr. 


mee ee ita lenin: rer a ye a Py dope trt eae ay cee ae 
Z : ae i ey 
‘eee ee otek soni Vga on wolpaceg ae 


a — | pein ty ‘(ame inate rouireniand iia . 
alten, bts sua He iaehibdegiog * neh deninon ‘ee oi balls | 

| © fei onde ho end Ma dcreaiert sate = bee 

a haniad Airtinn tt ‘died hid 8 sve i 

| ih oe in wh} fia ie iL | 

Ae at “ ot ‘4 


i = i i an i 
ce , 5 M4 Mitre r a ; a sa i 
2 ney mh) RIA ey AML A ae Lt Zell bird 
Ly cy iy ’ ihe 7 aa ee he ber - + 
io) me) "eon 2 
Pm _ ies Te 


ae A ae uals ya et 5 4 vre; 


nmr (CDC1,): OF OT Oe (ate ="27 HZ) OL d (J. 


2,4 


iby, Cj-H], Cross [Als 5 Zz wortaa (Ts —AWHhZ ) eee, 


Sores 
= 8 Hz) of d(J 


4,6 


C.-HI, CLG fats Set), 2a Cre tl ly 


Ane 4,6 4 
7328 [d(J, 5 =" GHz) )OL d(T, ¢ =) Seri a Of d(J5 5 ae wh vishal ee 
i C.-H], eR See Ory -N(CH,) eo Mass; Calcd. Lor 
CoH, N30: lipo. TU20. es POUNds) lO 10902. 
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£05—65°= | To this a, solution. of 1,1 —-dimethylhydrazine 


(iG Zed aes) mo} mein wanhvydrous tetranydarofuran (30° mL) 


was added dropwise and the reaction was allowed to pro- 
Ceoedh cote UailiIny ate oOo with COntGImucUuS, StIrrming. A 
SOLUETONeOremetny Im uSOonlmcOotinate (3.612 9g) 26.3 /4mmol) 
in anhydrous tetrahydrofuran (30 ml) was added dropwise 
and the reaction completed as described under procedure 
E. The reaction product was then purified by elution 
f£LOlvawi2 souk) 2 2ecmaneutralealumina column wsing, ether— 
methanol es Gls sv/v jaz o0 mi)- to yield N,N-dimethy biuso- 


MicOcinwC acuom my cmazdcen Gl33)). (C0326 fon 'G. 0S)5 as a 


yellow, Gal ire (eileroform) 2 9 3S400(-No-) , 680 cm * (CO); 
nmr (CDC1,): (Sue tore oe dtd 3 = cee =) 5.2127) 705 Es = 
Ue = E22, C.-H, Ce-HI, 7.62 [did 3 = ies = 5 iHz,) 


mW ES 


ie 


Pa “ ce oo tas 
‘ 3 a : re 
Nia eh | { . Sin iy B,: : 
H ‘ : a Fema Se : 
j ] } a i is a a b ¥ 


Rn ae ie as a) a 
i ri it Gs 4, Dhak ee : a : 
aes y htt sti ined re tee i 
4 3 "iim i‘. LAS i ; tet 
ae ' a! 
HC, 20 Te te LD es reps ee 0, is 2 | 7 yi an 
| . | . i Mes ab ‘on ye az 


. a 


yt 


‘ey ri Ae “or - 
it. * 


bist bg Nee 9.4 gat een ah pare sei, a, an 
- 1% ., Oe fue cage “, 7 BO. fT 7 - aaa, fe anit a | ais 


t 
: ts 


wie Teri inate 3 “eget sd Shah me an ee 


Mm guar 
Shee oe 4 i +e 


» GRE wae: ib pthatant a wei te cy al ctLag. ig aut 
Call sn ealhok ta nah, 10545 a oe ‘ in atangoat, taba 
wens’ in Sena Jg2” Ae 12) ey, Oa 
: t wih eae 3s ms Lace). pian pun bend estan, i : : 
al arco daw tae). hs how giaaaet. opted a a 
i ; a ae Cea a 


_eseibagaiay matte isis coun, fone tau ang sams a 
we a) is} ™ “oi enitigug, bunt, ied 


y 
‘ 


yaa a khan! miclon gokenta: Sic titp ‘th Port sit ag 
his eden a sig, Beh Cia cdl. ding. a 
36 08 of DRAM TARAS ie ea i set 


i i me mene: hore ieial 
eee ai \ 
uh “peeek hy i i 
wes i i, A , vo | a i VE * pe PA a oe. ia ol Sie ae! ae ee 1%, 


oe : $y 
a\ oe 
pp es ¢ an i " i fi 


4 


oy 


EG. 


of d(Jo 5 = J3 6 — An) a AN Pane C,-H, C.-H], 2.60 a(S ‘Gi, 
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5.5.0.0.0. Preparation of 4-pyridylcarbonylhydrazine 
derivatives employing the Schotten-Bauman 


reaction 


§.5.1.0.0. Preparation of l1-benzoyl-2- (4-pyridylcarbonyl1)- 
hydrazane: (1354), frome sonicotinic, acid hydra 


Zioesand, benzoyl chlomide 


General procedure F 

TO, an wee-cooled solution of Tsonicotinic acid 
hydrazide (0.50 g, 3.65 mmol) and dry triethylamine (1 ml) 
in dry tetrahydrofuran (60 ml) was added dropwise a solu- 
CLON (OL TOenZOVL Cnlorldae (0.515 .0, 3.00 MNMOL)=1n tetra— 
hydrofuran (15 ml). The reaction was allowed to proceed 
for, Gir ataco” With. ceitiming .. Extraction with chiloro— 
form (4 x 75 ml), drying (sodium sulfate) and removal of 
the solvent tn vacuo afforded a residue which was purif- 
ted by elution Erom a 215° x 22cm neutral alumina’ column 
using ether-methanol (1:2 v/v) (300 ml) to give 1-benzoyl- 
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5.5.2.0.0. Breparation of .1 pl-diacetyl1-=2-(4—pyridyl- 
Garbony])hydrazine (135b) ‘from isonicotinic 


acid hydrazide and acetylchloride 


AgSOLUGLONSOLsacetyi chloride (1.146 ¢, 14.6 mmol) 
in dry tetrahydrofuran (30 ml) was added dropwise to 
an ice-cooled solution of isonicotinic acid hydrazide 
G05 pai EOD) eandsanryetriethy vamines (30 uml) vin 
tetrahydrofuran (60 ml). The reaction was completed as 
described under procedure F. The reaction product was 
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Dee Use eEbeparattron Oo. N=Sintonys—1,2—(1,4)-dihydro- 


pyridines 


5.6.1.0.0. Preparation of' N-methanesulfonyl-1,2-dihydro- 
pyridine  (d42a)olromsreacti.0nOlepyradine, 
methanesulfonyl chloride (methanesulfonic 


anhydride) °4 and sodium borohydride in methanol 


General procedure G 

Sodium borohydride (0.8 g) was added to a solution 
Of DY GIGI ne fiero oO , 20.0) mmol) Inemethianol (7..5 10.) 
pre-cooled £o7-65™ ‘A Solution Of methanesulfony! 
ChLOvldes (242090, 20.0 mmol) in ary ether (5 mL)" was 
avded Urepwise, uuLing ls Min, 9 ALter Stirring for L£.5 Ar 
at -65° the reaction mixture waS poured onto crushed 
ice (75 ml) and allowed to come to room temperature. 
PeecLacclonumwiici ChloroLormm (31x 30 miu), dpying (sodium 
sulfate), and removal of the solvent tn vacuo gave a 
yellow oil which was chromatographed on a 2.5 x 15 cm 
Neutravealumina column. Elution with 3000ml chlorororm 
gave N-methanesulfonyl—-I1, 2-dihydropyridine (142a) (1.02 g, 
aoe) as ee veltow orl aay ineatl se 1350" 1160"en=— 


(SO5); nmr (CDCl): Orr Or. O12 ome a I, on ley Ce-H), Sh lately wis) 


Vig hg CeO) iy Sof eS ie ry Cathe eH) aa Wide GN 
A, feral tof Gulls on > dhore) Mag! ag he itll on Ay Sh ilS ea Aer Vie 
Mace Calcd for certnoe “se 8 TS0N0354" “Found: 715940355. 
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above using methanesulfonic anhydride®* 


(3345s.q, 22070 
mmol) 1.18 g (37.1%) of N-methanesulfonyl-1,2-dihydro- 


pyridine (142a) was obtained. 


5.6.2.1.0. Preparation of N-benzenesulfonyl-1,4-dihydro- 


pyridine (141b) and N-benzenesulfonyl-1,2- 


BSS. 4 


dihydropyridine (142b) from reaction of pyridine, 


benzenesulfonyl chloride (benzenesulfonic 


anhydride) and sodium borohydride in methanol 


Sodium borohydride (0.8 g) was added to a solution 
Of pyridine FG 256.q,,, =2 00 jmmol )) rm: methanol. # (20: mL) 
pre-cooled to -65°. A solution of benzenesulfonyl chloride 
(3.52 to 2 050) mmol)y invdry ether GLOGml) was added 
dropwise during 15 min and the reaction was completed 
as described under procedure G. The reaction product 
was then chromatographed on a 2.5 x 15 cm neutral alumina 
column. Elution with benzene (400 ml) gave 0.591 g 
(13.37%) of an isomeric mixture of N-benzenesulfonyl-1,4- 
dihydropyridine (14lb) and N-benzenesulfonyl-1,2-dihydro- 
pyridine (142b) which was purified further by tlc using 
five 20 x 20 cm silica gel GF 254 plates, 0.5 mm in 
te aa with benzene as development solvent. Extrac- 
tion of the fraction having an Re Or .0z55-0.6. gave 
N-benzenesulfonyl-1,4-dihydropyridine (141b) (0.078 g, 


1.8%), mp 83-85° (Lit mp 86-89°);°% 
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Extractronvotgthe fnactronihavang san Re Oofn0rs—-025 
gave N-benzenesulfonyl-1,2-dihydropyridine (142b) 
COR 2 3a oo), pO Oo. rer a(R Bie 1 35.00,, 70340, 
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AZ) Or eA his fot Ve VAD urea ar Co-H]; Mass Calcd. -for 
See cae FOund ss!) 22 0506" 

Reaction of benzenesulfonic anhydride®* STAR Sash So ar 
202 UENO) P wast hepyiaiainer dio oeg,— 20. 0- mmol ji einicthe 
presence of sodium borohydride (0.8 g) as described 
under procedure G and purification of the reaction 
mixture as described above afforded 1.78 g of an isomeric 
mixture consisting of N-benzenesulfonyl-1,4-dihydro- 
PYELOInem (lab) en(OnSid,) 6. /.c) wana, N-benzenesuliony!— 
Py 2-dihydropyridine (1242p) s{1.49 g, 33.6%) astdetermined 
by the integrals of the C,7H and C,-H Of L441 brand @42b, 


respectively. 
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5.6.2.2.0. Preparation of N-benzenesulfonyl-1,4-dihydro- 


pyridine (141b) and N-benzenesulfonyl-1,2- 


LSSx 


dihydropyridine (142b) from reaction of pyridine, 


benzenesulfonyl chloride (benzenesulfonic 


anhydride) and sodium borohydride in pyridine 


Procedure H 


Sodium borohydride (0.8 g) was added to a mixture 


Of pyridine MU0em))rand benzenesultonyl, chloride (3.53 g, 


207-0 mmol) spre-cooled to 0° with stirring.) The reaction 
was-a blowedstomproceeda for LS hrvate25° afteriwhich it 
was poured onto crushed ice (100 ml). Extraction with 
CGHVOLOrTOrme(4eaxeLOUsiL we arying (sodvumisultate)y and 
evaporation of the solvent tn vacuo afforded a brown oil 
which was subjected to chromatography on a 2.5 x 25 cm 
neutral alumina column. Elution with benzene (700 ml) 
gave 1.06 g of an isomeric mixture composed of 
N-benzenesulfonyl-1,4-dihydropyridine (141lb) (0.75 g, 
17%) and N-benzenesulfonyl-1,2-dihydropyridine (142b) 
(0.312 g, 7.1%) as determined by the integrals of the 
C,7H and C,-H of 141b and 142b, respectively. 

Reaction of benzenesulfonic anhydride (oe SOLS, 
20.0°-nmolL PP withapyuadine “(lO >ml )sanethe presence: oF 
sodium borohydride (0.8 g) as described under procedure 
H and then elution from a neutral alumina column as 
described above gave 1.36 g of an isomeric mixture 


composed of N-benzenesulfonyl-1,4-dihydropyridine (141b) 
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(1.05 g, 23.7%) and N-benzenesulfonyl-1,2-dihydropyridine 
(142b) (0.31 g, 6.95%) as determined by the integrals 


oftsthe Cyu=HeandsCc 


4 97H of 141b and 142b, respectively. 
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adihnydanopyaraine (l42e) (from) reaction of pyri 


Cine yes O Menesiltonyirchloridevand sodium 


borohydride in pyridine 


Sodium borohydride (0.8 g) was added to a mixture 


of pyridine (10 ml) and p-toluenesulfonyl chloride (3.81 g, 


20. 0mmol )mpre=cooled fro (0S with Starring. The reaction 
was completed as described under procedure H to give a 
brown semi-solid which was subjected to chromatography 


Ona al 2.5 6.2 6ncm neutral alumina column. Elution with 


23.6% 


benzene (250 ml) gave N-p-toluenesulfonyl-1,4-dihydropyridine 
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Further elution with benzene-ether (1:1 v/v) (250 m1) 


gave N-p-toluenesulfonyl-1,2-dihydropyridine (142c) 
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D104 Un Dm GeDankat won OL No paacery sulftanityi= Wis 
dinvovopyiridine. (l4id)e Nepsacetylsulftanilyi— 


ipeooinyacopyridine ) (1420) “andis-endo-=p=— 
aCecuy stu hanuly l=? 3), o=triazaptcyClol[ 2.252.) = 


oct-7-ene-2,3-endo-dicarboxylic acid N-phenyl- 


imide (145) 


Sodium borohydride (0.8 g) was added to a mixture 
Of pyridine (10eml)-and = p-acetylsultanilyl chloride 
(A567) Gyms OS Oe mmol) wpLe—coolede to 0? | withesturrings * The 
reaction was completed as described under procedure H 
to give a reddish semi-solid which was chromatographed 
On a 2e5ex' 267 em neutral alumina’ columns, Elution with 
ether-methanol (6:1 v/v) (300 ml) gave 1.198 g of an 
SSOMelL 1 Crm xcUnesconsisting: GL N-p-—acetylsultanityl)—L74- 
athydropyridane= (141d) s (0.96%q,7 16.7%) Vand’ N=p-acetyl- 


surfantlyl=ey2-dinvydropyraoines (142d) (0e24 gq, 4223). as 
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138. 
determined from the integrals of the C,-H and C.-H of 
141d and 142d, respectively. 4-Phenyl-1,2,4-triazoline- 
3,5-dione (144) (0.069 g, 0.392 mmol) in dry methylene 
chloride (10 ml) was added dropwise with stirring to a 
solution of 0.543 g of the above mixture of 141d and 
142d (containing 0.109 g, 0.392 mmol of 142d) in methylene 
chloride (20 ml) pre-cooled to 0°. The reaction was 
allowed to proceed for 1 hr, after which the solvent was 
removed tn vacuo to give a white solid. Preparative 
tie-on four Z0=< 20cm Ts. ica gel” Ger2s4eplates,, 0.5 mm 
in thickness, with ethyl acetate as a development 
solvent afforded N-p-acetylsulfanilyl-1,4-dihydropyridine 
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Catalycucenvarogenation Of. a Agi mixture .of N=p- 
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sulfanilyl-1,2-dihydropyridine (142d) (95 mg) in methanol 


(30 ml) was carried out in the presence of palladium-on- 


charcoals (30nme) sanduivdgrogen gaseat 50 psi. for 72) hr. 


Removal of the charcoal by filtration and evaporation of 


the solvent tn vacuo afforded N-p-acetylsulfanilylpiperi- 


dine (143) as a white solid, mp 156° (Lit mp E562 


identical ir and nmr with the authentic sample. 
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METHOD: 


PROCEDURE: 


RESULTS: 


NEUROPHARMACOLOGICAL PROFILE 


Observation of behaviour. 

The test compound at an initial dose of 128 
mg/kg body weight, is injected intraperitonea- 
ly to four Swiss Albino Mice, equally divided 
as to sex. The body weight of the animals is 
in the range of 18-22 g. Immediately after 
injection the animals are placed together in 
anclear piasuvec cage, (29ix Gor x 57cm) iand 
continuously observed over a period of 60 
Minutes. The observation is followed up in 
Nounlywintervals for another (5 hours. 

Each animal is examined and a joint score 
entered in each of the categories described 
on the evaluation sheet (see example). If 
the compound causes lethality at this dose 
level, the dose is lowered until a non-lethal 
level is reached. 

In each of the categories described on the 
evaluation sheet, the effect of the test 
compound on the behaviour of the treated 
animals is scored with respect to the behav- 
jour of a vehicle treated control group and 
various known standard compounds. The results 
are given in the form of a summary for each 
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METHOD: 


PROCEDURE: 


RESULTS: 


ANALGESIC 

Phenylquinone writhing test. 
Five male Swiss Albino Mice, 18-22 g of body 
weight, are injected subcutaneously with the 
test compound at a dose of 128 mg/kg/10 ml 
(or at a lower non-toxic dose, established 
during the neuropharmacological profile 
evaluation). 30 minutes later, 0.03% phenyl- 
p-benzoquinone is injected in a volume of 
OF7L m7 10 3g body weight. 

After 10 minutes the animals are placed in 
glass jars for observation. 

Phenylquinone produces a characteristic 
muscular activity called a "writhe". The 
total number of writhes exhibited by each 


animal is’ recorded: 5 animals are observed 


at the same time. The total number of writhes 


of the treated group is compared to that of 
a vehicle treated control group. 


Percent change is calculated as follows: 


no”. Of wriathes/in treated group 


Sich anc wet ee ee ee ee Seti 100 


REFERENCE: 


NOneOl Whitheerin control group 
COMiter oe noOn ts oInneen, leC.,.00nnson, C.As 
anda. Schneider .C... (1968), Br. .d.4Pharmac: 


Chemother. o2 290-510. 
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ANTI-DEPRESSANT 


METHOD: Antagonism of Tetrabenazine induced ptosis 


in the mouse. 


PROCEDURE: Six male Swiss Albino Mice are injected 


subcutaneously with 128 mg/kg/10 ml of the 


test compound (or with a lower, non-toxic 


dose established during the N.P.P. evaluation). 


15 minutes later the animals are treated 


with 60 mg/kg/10 ml Tetrabenazine, 


intraperitoneally. 


At 30 minutes and 60 minutes after admin- 


istration of Tetrabenazine, the degree of 


ptosis exhibited by each animal is evaluated 


and recorded. The ptosis score is as follows: 
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RESULTS: Each animal 


totally open eyes 
1/4 closed eyes 

1/2 closed eyes 

3/4 closed eyes 
totally closed eyes 


is scored. The total number of 


scores of the treated group is compared to 


the total score of a vehicle treated control 


group. 


The «5 


OO sak 


total score of treated group 
total score of control group 


protection is calculated as follows: 


administered 


Tei. 


x 100) = % protection 
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METHOD: 


PROCEDURE: 


RESULTS: 


CARDIOVASCULAR 
Direct measurements of arterial blood pressure 
in anesthetized rats. 
Sprague-Dawley rats of either sex weighing 
250-400 g are used. The anestheSia is induced 
by the intraperitoneal injection of 1.9 g/kg 
body weight Urethane. 

The femoral vein is cannulated for drug 
administration. The blood pressure is 
monitored via a Statham pressure transducer 
connected toai cannula vin, the Left ;carotid. 

A Grass polygraph is used to, obtain a» contin- 
uous record of the arterial blood pressure 
and the heart rate. After the preparation is 
Stabilized, the test compound is administered 
at various doses at a volume of 0.01-0.05 ml/ 
ratsyrAddrtionally the response «to .airand &6 
sympathomimetics before and after administra- 
tion of the test compound is established. 

The drug induced changes in BP and HR are 
expressed as % difference from the pre-drug 


values for each individual preparation. 
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METHOD : 


PROCEDURE: 


RESULTS: 


156. 
ANTI-INFLAMMATORY 
Antagonism of carrageenan induced rat paw 
edema. 
Six female Sprague-Dawley rats, weighing 
120-160 g, are injected subcutaneously with 
a nontoxic dose of the test compound (maximal 
dose 64 mg/kg). 

At the same time, 0.1 ml of a 1% solution 
of carrageenan in physiological saline is 
injected under the plantar skin of the left 
hind paw. Then the volume of the injected 
paw is measured by a mercury displacement 
technique. 

The injected paw is dipped into a glass 
cylinder containing mercury. The open end 
of the cylinder is connected to a Statham 
pressure transducer and a Grass polygraph 
is used to record the changes in pressure, 
caused by the displacement of mercury. 

The volume is measured immediately after 
and at three hours and five hours after 
the injection. 

The edema volume is calculated as follows: 

ve = volume of paw measured immediately after 
carrageenan injection 

V.. = volume of paw measured at time x after 


injection 
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Me, = NS ae ve = edema volume at time x 

A test statistic of the mean edema volume 
i SD eelscecalvculaced uerom the control group. 
The individual edema volumes of the treated 
animals are compared to this test statistic. 
The group score is expressed as percentage 
of animals showing edema volume < or > the 
test statistic. 

REFERENCE: Winter, @CeAnwi(L 965): anti internatvonaltsymposium 

oneNon-Ssteroidal Anti-Inflammatory Drugs, ed. 


Canatiinaneo.tand Dukes peMeN. Ge, = pp. 90-202), 


Excerpta Medica Foundation, Amsterdam. 
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METHOD: 


PROCEDURE: 


RESULTS: 


REFERENCE: 


Lohse 


HYPOGLYCEMIC 
Measurement of blood glucose concentration 
Pie che Gat. 
100 mg/kg of the test compound is administered 
Orally to foun Sprague-Dawley (rats. ~ Just 
before, and two and four hours after treatment 
blood samples are taken from the animals' 
fad lse the concentration of glucose: in ‘the 
blood is determined with Eskalab reagent 
tablets. 
The concentration of glucose in the post- 
treatment blood samples is compared with that 
of the pretreatment sample and the activity 


of the compound is expressed as follows: 


Concentration with respect to control Score 
increase 2 
NOVEL Lec 0 
5 - 10% decrease + 

10 - 20% decrease meat 

20 - 30% decrease clue 

30 - 40% decrease fhe 


HOLDanOweG tia uae ger,. DA. Wagner, jis, 
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METHOD: 


PROCEDURES 


RESULTS: 


REFERENCE: 


ESO. 

ANT I-HISTAMINIC 
Antagonism of histamine in the isolated 
Guinea pig ileum preparation. 
2-4 cm of ileum is removed from a male albino 
Guinea pig and mounted in a muscle bath filled 
with Tyrode's solution. One end is attached 
to a force displacement transducer and the 
EOreceworecontraction ‘or the intestinal muscle 
is recorded on a Grass polygraph. The tissue 
is then challenged with 0.05 ug/ml bath of 
histamine, repeatedly, at five minute intervals 
until a constant level of response is establish- 
eds) 0. emg/mli bat h®ore the tes tacompound is 
then added to the bath, allowed to equilibrate 
with the tissue for one minute, and washed out. 
Four minutes later, the muscle is again 
challenged with 0.05 ug/ml bath of histamine. 
Responses to histamine are obtained every five 
minutes for a further one half hour. 
Compounds which produce an essentially complete 
blockade of the response to histamine are 
conSidered active. 
Perry, »WeLeMeye( 1968) Pharmacologiucalcexperi= 
ments on Isolated Preparations. Livingstone, 


Edinburginy pp. 56—68:. 
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METHOD: 


PROCEDURE: 


160. 


ANTI-ANAPHYLACTIC 
Inhibition of passive cutaneous anaphylaxis 
iit herrac. 
Several Sprague-Dawley rats are treated with 


the following: 


Agent Volume Route 
0.5% solution egg albumin 0. 2am Li. Me 
0.5% bovine serum albumin Ois2 P.M. 
Bordetella pertussis vaccine 1.0 DR Se 


The animals are sacrificed after 11-13 days, 
and the serum obtained from their blood is 
pooled and frozen. The serum contains anti- 
bodies to the substances with which the animals 
were treated and will be referred to as 
"anti-serum". 

Each of four Sprague-Dawley rats are injected 
intradermally with two 0.1 ml volumes of anti- 
serum on either side of their backs. 24 hours 
later 100 mg/kg of the test compound is injected 
intravenously and the animals are immediately 
challenged with egg albumin. This "antigen" 
is also administered intravenously together . 
with Evan's blue dye. Half an hour after the 
challenge, the animals are sacrificed and the 
skin of their backs is removed. The anaphyl- 


accrrce reaction at the site of the intradermal 
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RESULTS: 


REFERENCE: 


VEL, 
injection of anti-serum results in the formation 
Of aniswellang vornsewheal”. The size of this 
wheal is proportional to the intensity of the 
reaction. The concentration of anti-serum 
injected is adjusted to produce a wheal at least 
20 mm diameter. 

The test compound is considered active if it 
inn otse “wiealiwuronmation by = 50%. 
Goose cand Iblairee ARM. .N37,s 4649.69) 


Immunology, 16: 749-760. 
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METHOD: 


LG. 
ANTI-MICROBIAL 


Agar-dilution technique. 


PROCEDURE: 


The compounds under study were examined for 


their effectiveness against the following 


bacteria, 


Test Organism 


Escherichia coli 
Pseudomonas aeruginosa 
Klebsiella pneumoniae 
Staphylococcus aureus 
Streptococcus faecalis 
Bacillus subtilis 
Salmonella typhimurium 


Haemophilus influenzae 
SLEepcococcus pyogenes 
Streptococcus penumoniae 


Aspergillus niger 
Trichophyton menta- 
grophytes 
Microsporum gypseum 
Candida albicans 
Sassaromyces carls- 
bergensis 


Compounds, 


Growth 


ALCC 
ATCC 
ATCC 
ATCC 
ATCC 
ly Oe 
ATCC 


Ae 


fungi and yeasts: 


Medium 
Agar 


) 
) 
) 
6538 )Trypticase Soy 
) 
) 
) 


19418 )Trypticase Soy 


hospital isolate)Agar plus 5% 


ATCG. 6303 )defibrinated 
rabbit blood 

ATCC 10535 ) 

ATCC. 9533 )Sabouraud Agar 

ATCCWLAGSS ) (modified) 

ATCE 023. ) 

ATCC] 9060 ) 


unless soluble in water, 


Wee 


dissolved in DMSO and diluted serially to 


various concentrations. 


The concentrations 


of stock were prepared in such a way that when 


0.5 ml was added to 15 ml of agar media the 


desired final concentrations were obtained. 


The test organisms were previously grown for 


2 cays at 35:.C efor bacteria ands yeasts and 


1 week wform fungiayat 24°Q on) slants of the same 


media mentioned above. 


The agar plates were 
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Gs): 
streaked with a loopful of cell suspension 
which had been washed off from the slants 
and diluted to approximately 10> organisms/ml. 
The plates were incubated for 2 to 14 days 
fOr Londrrol 2<o- © andrea So Comor bacteria. 
RESULT: The result is expressed as minimal inhibitory 
concentration which was defined as the lowest 
concentration of each compound that prevented 


visible growth on the media. 
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164. 
ANTI-PROTOZOAL 


METHOD: Tube dilution technique as described in 
Ref OiGh)s 
PROCEDURE: The test organisms used were: 
1) Trichomonas foetus ATCC 30003 
growing in modified TYM basal medium. 
2) Entamoeba histolitica ATCC 30015 
growing in TP-S-1l monophasic medium 
as devised by Diamond (2). 

Each test compound was added to the liquid 
medium of 10 ug/ml final concentration for 
the amoebae and at 50 ug/ml for Trichomonas. 
Each tube was then innoculated with a known 
number of trophozoites (1 x 10°>/m1) grown in 
the same medium for 48 hrs. The inoculated 
media were incubated for 24 and 48 hours at 
Sfapr! Gr 

To enumerate the total population of para- 
sites an aliquot of each test culture was 
diluted in saline containing formaldehyde (1%). 
Cell counting was performed with the aid of a 
Speirs-Levy eosinophil counting chamber. 

RESULT: The result is expressed as minimal inhibitory 
concentration which was taken as the lowest 
concentration of each compound that inhibited 


90% of growth. 
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REFERENCES: Go) sPilamnondy. ao+ jan eurtcgis; Lebay (1972). 
ALCRe Invest. emeavca., VOuw.) 2. iSUPD. 
(2) (Diamond,  Dis.7 eu 9o8)e J. Parisitol?, 54; 
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BIOLOGICAL SCREENING PROGRAM 


Compound: Name: 


Originator: Structure 


Amount rec'd.: 
Date rec'd.: 


Test started: M.W.: 


Literature ref: 


SUMMARY : 


PY 
Q 
ct 
=) 
< 
| od 
ct 
Ke 


| Dose | | Lvi 
FeLeSe Route (mg/kg) RESPONSE Score 


Toxicity 
i(Min. tox. dose) 


Neuropharmacol. profile ea ee 


iCardiovascular 


Anti-inflammatory 
IHypoglycemic ; 
mg 


Anti-microbial bacteria TiieVL ero eC 
fungi g/ml 


Anti-protozoal trichomonas | in vitro 
entamocba 


~ inactive * slightly active ** active 
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